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ANNOTATION 

[Text]  The  work  is  devoted  to  the  problem  of  calculating  seepage  forces, 
which  play  a  substantial  role  in  designating  the  steepness  of  the  slopes  of 
earthen  hydraulic  engineering  structures. 

The  work  covers  efficient  methods  of  calculating  the  seepage  forces  when 
various  methods  are  used  to  estimate  the  stability  of  the  earthen  slopes. 

The  work  also  notes  the  shortcomings  of  certain  procedures,  often  described 
in  the  literature,  for  calculating  seepage  forces. 

Examples  are  given  at  the  conclusion  of  the  work  of  calculating  the  stability 
of  earthen  slopes  subjected  to  the  action  of  seepage  forces. 


t 


•  * 


* 


7853(5 


CONTENTS 

FOREWORD 

1.  GENERAL  CONDITIONS 

1.1.  Range  of  Application 

1.2.  Accepted  Designations  of  Basic  Values 

1.3.  Terminology 

2.  GENERAL  INFORMATION  ON  SEEPAGE  FORCES 

2.1.  Types  of  Seepage  Flows  in  the  Embankment  of 

Earthen  Structures 

2.2.  The  Concept  of  Seepage  Forces 

3.  BASIC  (INITIAL)  METHODS  OF  CALCULATING  SEEPAGE  FORCES 

WHEN  ESTIMATING  THE  STABILITY  OF  EARTH  MASSES 

3.1.  First  Method — Calculating  Seepage  Forces  by  Means  of 

the  Potential  Function  of  "Resultant  Forces" 

3.2.  Second  Method— The  Contour  Method  of  Calculating 

Seepage  Forces 

A.  RECOMMENDED  METHODS  OF  CALCULATING  SEEPAGE  FORCES  WHEN 
ESTIMATING  THE  STABILITY  OF  EARTH  SLOPES 

A.l.  A  Method  of  Calculating  Seepage  Forces  Used  When 

Estimating  the  Stabilit}  of  Earth  Slopes  by  the  Method 
of  Circular  Cylindrical  Displacement  Surfaces  ("Method  of 
Theoretical  Weights  of  the  Soil") 

4.2.  A  Method  of  Calculating  Seepage  Forces  Used  When 

Estimating  the  Stability  of  Earth  Slopes  by  the 
Method  of  Flat  Displacement  Surfaces 


CALCULATING  SEEPAGE  FORCES  WHEN  ESTIMATING  THE  STABILITY  OF 
EARTHEN  HYDRAULIC  ENGINEERING  STRUCTURES 

5.1.  Calculating  Seepage  Forces  in  the  Clayey  Core  of  Rock- 

Earthfill  Dams 

5.2.  Calculating  Seepage  Forces  When  Estimating  Rock- 

Ear  thf ill  Dams  With  Facing 

5.3.  Calculating  Seepage  Forces  When  Estimating  the  Stability 

of  a  Slope  on  the  Crest  of  Which  a  Forebay  is  Located 


k 


FOREWORD 

In  planning  earthen  hydraulic  engineering  structures,  attention  must  be  given 
to  solving  the  problem  of  the  mechanical  effect  of  the  seepage  flow  on  the 
shell  of  the  soil.  This  action  gives  rise  to  seepage  and  weighting  forces 
exerted  by  the  seepage  flow  on  the  shell  of  the  soil.  These  forces  are  mass 
(volumetric)  forces,  and  it  is  sometimes  very  difficult  to  calculate  them. 

At  the  same  time,  these  forces,  as  we  know,  may  cause  piping  and  silting, 
local  seepage  heaving,  and  a  general  sliding  of  the  earthen  masses  of  soil 
forming,  for  example,  the  embankment  of  the  earthen  slope.  It  should  be 
emphasized  that  it  is  now  inadmissible  to  plan  earthen  hydraulic  engineering 
structures  without  taking  into  consideration  the  seepage  forces,  the  presence 
of  which  often  causes  the  structure  to  be  considerably  more  expensive. 

In  the  literature  the  problem  of  seepage  forces  has  been  discussed  by  many 
authors,  and  a  number  of  various  methods  have  been  suggested  to  calculate 
their  forces.  Among  the  known  methods  are  those  which  are  acceptable  from 
the  practical  standpoint  and  those  which  at  present  should  be  regarded  as 
insufficiently  perfected,  sometimes  even  incorrect,  yielding  erroneous  results. 

This  "Manual"  is  devoted  solely  to  the  problem  of  calculating  the  seepage 
forces  when  estimating  the  overall  stability  of  earthen  slopes  (problems  of 
piping,  silting  and  local  seepage  heaving  are  not  covered  below).  In  order 
to  facilitate  the  work  of  designers  and  engineers,  this  "Manual"  describes 
the  appropriate,  most  efficient  methods  of  calculating  the  seepage  forces, 
in  a  form  convenient  for  the  practical  use  of  these  methods. 

In  conclusion  let  us  note  that  among  the  works  of  the  authors  who  have  been 
concerned  with  the  problem  of  calculating  seepage  forces,  the  fullest  studies 
are  those  of  R.R.  Chugayev,  who  was  the  first  to  suggest  calculating  seepage 
forces  when  estimating  the  earthen  slopes  and  who  formulated  the  first  theo¬ 
retical  method  of  this  type  [1,  2,  7,  9).  It  should  be  noted  that  the 
"Manual,"  compiled  in  the  Laboratory  of  Earthen  Hydraulic  Engineering  Struc¬ 
tures  by  G.A.  Chugayeva,  junior  scientific  associate,  mainly  summarizes  the 
work  of  this  author  [2,  9]. 


USSR  Ministry  of  Manual  for  Calculating 

Power  and  Seepage  Forces 

Electrification  Uhen  Estimating  the  Stability 

of  the  Slopes  of  Earthen 
Structures 

1.  GENERAL  CONDITIONS 

1.1.  Range  of  Application 

This  "Manual"  applies  to  earthen  structures  of  all  classes  of  durability 
subject  to  the  action  of  seepage  flow. 

This  work  does  not  discuss  problems  of  seepage  strength  (normal  and  random) 
disturbed  because  of  piping  and  silting  of  the  soil,  nor  does  it  discuss 
problems  of  seepage  heaving. 

Discussed  below  are  only  the  estimates  of  the  so-called  "general  sliding"  of 
earthen  slopes,  when  the  possibility  of  the  earthen  mass  of  the  soil  sliding 
is  brought  about  mainly  by  the  action  of  the  soil's  own  weight  (and  of  the 
external  surface  loads  applied  to  it);  the  seepage  forces  in  this  case  play 
only  a  supplementary  role  (as  opposed  to  seepage  heaving). 

1.2.  Customary  Designations  for  Basic  Values 

9 — angle  of  incline  of  the  slope  to  the  horizon; 
m — slope  coefficient; 

Z — height  of  the  slope; 
m*Z — horizontal  equivalent  of  the  slope; 

I — piezometric  gradient  of  the  seepage  flow  at  the  point  discussed; 

n — porosity  of  the  soil; 

Yg-specif ic  gravity  of  the  water; 
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Y <yx — volume  weight  of  absolutely  dry  soil; 

Ycjx  — volume  weight  of  practically  dry  soil  (with  natural  moisture  content); 
Yats — volume  weight  of  soil  suspended  in  water; 

Y**t — volume  weight  of  soil  saturated  with  water  (y*<u  +  n*Y0)5 

— actual  angle  of  internal  friction  of  the  soil  (value  f ,  corresponding 
to  the  given  soil,  found  experimentally); 

&  — value  off’,  at  which  the  area  of  soil  under  discussion  should  be  found 

in  a  state  of  maximum  equilibrium  (critical  angle  of  internal  friction); 
c^ — actual  specific  cohesion  of  the  soil  (value  c,  corresponding  to  the 
given  soil) ; 

cK — value  c,  at  which  the  area  of  soil  in  question  should  be  found  in  a 
state  of  maximum  equilibrium  (critical  specific  cohesion); 
kj — safety  factor  of  the  stability  of  the  section  of  soil  in  question. 

1.3.  Terminology 

Porous  embankment  (soil,  concrete) — an  embankment  consisting  of  a  frame 
(solid  phase)  and  pores,  which  may  be  filled  with  water  and  air  or  partly 
with  water  and  partly  with  air.  Two  types  of  porous  embankment  should  be 
distinguished:  point-contact  porous  embankment  and  continuous-porous  embank¬ 
ment. 

Point-contact  porous  embankment— an  embankment  formed  by  solid  particles,  in 
contact  with  each  other  at  mathematical  points.  In  this  case  each  particle 
of  the  frame  is  washed  with  liquid  from  all  sides. 

Continuous-porous  embankment — an  embankment  obtained  when  solid  particles  are 
joined  to  each  other  by  means  of  impervious  contacts  ,  with  a  certain  area. 

In  this  case  only  part  of  the  surface  of  the  particles  is  exposed  to  the 
liquid;  the  rest  is  protected  from  the  action  of  the  liquid  by  impervious 
contacts. 

Gradient  of  the  slope — the  slope  tangent  to  the  horizon,  equal  to  1  :  m;  the 
"coefficient  of  the  slope"~the  value,  inverse  to  the  "gradient  of  the  slope," 
equal  to  m  :  1  (i.e.,  equal  to  the  cotangent  of  the  slope  to  the  horizon). 

General  sliding  of  the  earthen  slope — the  shifting  of  a  large  mass  of  soil, 
forming  a  slope,  chiefly  due  to  the  forces  of  the  soil's  own  weight  (seep¬ 
age  forces  play  a  secondary  role). 

Local  seepage  heaving  of  the  soil — a  shift  of  a  relatively  small  mass  of  soil 
due  chiefly  to  seepage  forces. 

2.  GENERAL  INFORMATION  ON  SEEPAGE  FORCES 

2.1.  Types  of  Seepage  Flows  in  the  Embankment  of  Earthen  Structures 

Three  basic  types  of  seepage  in  the  embankment  of  an  earthen  hydraulic  engin¬ 
eering  structure  should  be  distinguished: 


1)  Steady  seepage  from  the  headwater  to  the  tailwater  (Fig.  1,  a); 

2)  Unstable  seepage  arising  with  a  change  (in  time)  in  the  conditions  at  the 
borders  of  the  seepage  area  (with  the  volume  of  interstitial  seepage  unchanged 
in  time)  [1],  for  example,  that  produced  in  the  embankment  of  the  slope  after 
a  reduction  in  the  water  level  in  the  water  race  (Fig.  1,  b); 


Figure  1 

a — slope  exposed  to  steady  seepage;  b — slope  exposed  to  unstable 
seepage  resulting  from  a  rapid  reduction  in  the  water  level  in 
the  water  race;  1 — depression  curve;  A — headwater  level;  B — tail- 
water  level 

3)  unstable  seepage,  caused  by  the  consolidation  of  clayey  water-saturated 
soil  (seepage  caused  by  a  change  in  time  in  the  volume  of  interstitial  seep¬ 
age)  . 

In  addition,  the  following  cases  of  seepage  may  also  be  distinguished: 

a)  Seepage  produced  during  the  erection  of  an  earth  dam  [2]  (with  a  build-up 
on  both  sides;  see  Fig.  2, a); 

b)  Seepage  in  the  embankment  of  the  slope,  produced  with  a  rainfall,  when 
the  surface  of  the  menisci,  established  near  the  surface  of  the  earth,  "is 
destroyed"  by  the  rain  waters;  in  this  case  seepage  is  formed  in  the  slope 
embankment  analogous  to  that  shown  in  Fig.  1,  b.  In  Fig.  2,  b,  hKrr  desig¬ 
nates  the  height  of  the  capillary  rise  of  the  water;  the  curves  AA'B'B  and 
BB"C — the  curves  of  the  capillary  pressure  occurring  before  the  rainfall. 

2.2.  The  concept  of  seepage  forces 

In  the  case  of  steady  lamlnary  seepage,  when  discussing  one  particle  of  soil, 
washed  by  water,  it  may  be  pointed  out  that  this  particle  is  exposed  to  (with 


respect  to  the  seepage  flow)  the  forces  of  pressure  (normally  directed  toward 
Its  surface)  and  the  forces  of  friction  (directed  tangentially  to  its  surface). 


Figure  2 

a — seepage  flow,  formed  during  the  buildup  of  the  dam;  b — slope 
saturated  with  stationary  ground  water  if  there  is  a  considerable 
height  of  capillary  rise;  1 — reservoir ;  2 — line  of  atmospheric 
pressure. 

If  f  designates  the  geometrical  sum  of  all  the  forces  of  pressure  and  fric¬ 
tion  exerted  on  one  soil  particle,  quite  a  large  amount,  V,  of  the  soil, 
consisting  of  a  great  number  of  particles,  will  be  exposed  (with  respect  to 
the  seepage  flow)  to  the  force: 


S7*.  (1) 

where is  the  geometric  sum  of  the  forces  ,  exerted  on  individual 
particles  of  soil,  constituting  the  amount  of  soil  under  discussion. 

The  specific  force  of  the  mechanical  action  of  the  seepage  flow  will  be: 

#=£  (2) 

For  convenience  in  calculation,  the  specific  force  4  is  customarily  broken 
down  (when  discussing  a  planar  problem)  into  two  components.  Several  meth¬ 
ods  may  be  outlined  for  breaking  down  the  force  &  into  its  components  [2]/ 
Figure  3  (for  an  example)  gives  four  methods  of  breaking  down  the  force  f , 
where  the  following  designations  are  adopted:  m — the  point  of  the  seepage 
area  under  discussion;/! — the  hydrodynamic  pressure;  H — the  head  (H*z  + 

/> 

+  where  z  is  the  vertical  coordinate  of  the  point);  N — the  direction 
perpendicular  to  the  lines  p-const.;  n* — the  coordinate  drawn  along  this 
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direction;  I — the  piezometric  gradient  at  point  m,  being  discussed;  u^,  <*j'z , 

*  ^^N*A^x»yQ  »&/z  are  c^e  vari°us  components  of  the  specific  force,  . 

The  most  convenient  method,  which  we  will  use  below,  is  the  method  shown  in 
Fig.  3,b.  According  to  this  method  the  force  <£  is  broken  down:  into  the 
a  vertical  component  to  and  the  component  ,  directed  along  the  line  of  flow. 

4  With  this  breakdown  of  the  force  <j  it  appears  that  its  component  a) turns  out 

to  be  equal  to  Archimedes'  force/  i.e.,  the  force  of  the  weight  of  a  solid 
body,  which  occurs  in  a  stationary  liquid.  We  will  call  this  component  the 
specific  force  of  "hydrodynamic  suspension." 

The  component  ^  of  the  mechanical  action  of  the  water  on  the  frame  of  the 
soil  is  customarily  called  the  seepage  force. 

In  the  case  of  a  point-contact  porous  body  we  have  (see  Fig.  3,  c): 


»=*(>-  *)V 


a-b-c-d — possible  variants  of  the  breakdown  of  the  force  ^  into 
components;  A — line  of  flow 

a)  The  vertical  component  of  force  ^  is: 

»  =  (I  — 


(3) 


(4) 


b)  The  component  of  force  directed  along  the  line  of  flow  is:* 


✓  /  M 


where  I* and  is  the  pressure  gradient  with  the  stable  movement.** 

When  there  is  a  unified— porous  embankment,  we  have  (Fig.  3,c),  according  to 
R.R.  Chugayev: 


a)  Force 

b)  Force 


*  ;  (’  »)  7.. 

f*  ==*T./.. 


O') 

(4*) 


where  a  is  the  so-called  coefficient  of  surface  porosity  of  the  soil. 

In  studying  the  problems  of  the  stability  and  strength  of  earthen  structures 
we  will  discuss  only  the  point-contact  soils.  In  this  case,  when  making 
practical  estimates,  we  will  discuss  the  area  of  soil  located  below  the  curve 
of  depression  as  suspended  (exposed  to  the  vertical  force  of  hydrodynamic 
suspension,  equal  in  value  to  Archimedes’  force).  In  addition  we  will  con¬ 
sider  that  a  force (see  formula  4),  directed  along  the  line  of  flow,  is 
exerted  on  each  unit  of  volume  of  the  soil  located  in  this  area. 

3.  BASIC  (INITIAL)  METHODS  OF  CALCULATING  SEEPAGE  FORCES 
WHEN  ESTIMATING  THE  STABILITY  OF  EARTH  MASSES 

3.1.  First  Method — Calculating  Seepage  Forces  By  Means  of  the  Potential 
Function  of  "Resultant  Forces"*** 

Acting  on  one  unit  of  the  volume  of  soil  singled  out  within  the  limits  of  the 
seepage  flow  are  three  forces  with  the  potential: 

a)  The  force  of  the  "dry"soil's  own  weight; 

b)  The  force  of  hydrodynamic  suspension  o',  expressed  by  the  relationship  (3); 

c)  The  seepage  force  ,  the  magnitude  of  which  is  determined  by  the  rela¬ 
tionship  (4).  The  force  is  the  function  of  the  coordinates 

_  f?  (*,  *) 

It  should  be  noted  that  formula  (4)  was  first  published  by  K.  Tertsagi. 

He  did  not  note,  however,  that  the  second  component  was  taken  by  him  as 
vertical,  because  of  which  he  permitted  other  authors  (N.P.  Puzyrevskiy 
and  others)  to  point  out  justifiably  that  formula(4)  is  false  if  we  assume 
a  different  direction  of  the  second  component.  For  details  on  this  prob¬ 
lem  see  [2] . 

S  is  the  direction  outlined  along  the  line  of  flow  toward  diminishing 
values  of  H. 


*** 


Proposed  by  R.R.  Chugayev  in  1935. 


By  geometrically  combining  these  three  forces  which  act  on  the  unit  of 
volume  of  the  soil,  we  obtain  a  single  resultant  force,  ye  ,  exerted  on  the 
unit  of  soil  under  discussion.  The  resultant  force  yj  ,  just  as  its  compo¬ 
nents,  will  have  a  potential  which  we  will  designate  by  or  f>t  (x,  z). 

N.N.  Pavlovskiy  [3],  in  discussing  the  pressure  movement  of  the  ground  waters 
under  concrete  dams,  found  an  expression  for  the  potential  of  the  volumetric 
resultant  force  ye  : 


<*>„  =  *  —  //  +  C, 


(5) 


where  H  is  the;  pressure  at  a  given  point;  z — the  deepening  of  the  given 
point  under  the  plane  of  reference;  C — the  constant  of  integration. 

Therefore,  having  the  lines  of  equal  pressure  (H»const)  for  the  seepage  area 
under  discussion,  plotted,  for  example,  by  the  EGDA  [electrohydrodynamic 
analogy!  method,  it  is  possible,  using  the  relationship  (5),  to  plot  lines 
of  an  equal  value 

$0  =  const, 


(6) 


which  give  complete  representation  of  the  magnitude  and  direction  of  the 
resultant  forces  ya  at  any  point  of  the  seepage  area. 


oj 


Figure  4  Figure  5 

Key: 

3.  Impervious  foundation 

Figure  4,  a,  shows  the  earth  slope  for  which,  in  accordance  with  the  EGDA 
method,  the  lines  H-const  were  plotted  for  the  seepage  flow  occurring  in  the 
slope  with  a  rapid  reduction  in  the  water  level  in  the  water  race  from  the 
level  (l)-(l)  to  (2)-(2). 


Figure  4,  b,  in  accordance  with  formula  (5),  plots  the  equipotential  m 
=»  const.  These  equipotentials  are  somewhat  corrected.  According  to  the 
proposal  of  R.R.  Chugayev,  the  system  of  the  equipotential  flo  *  const, 
obtained  may  be  replaced  by  a  system  of  straight  parallel  lines  drawn  through 
an  equal  distance  from  each  other.  By  using  this  assumption,  we  obtain  the 
slope  of  the  earthen  dam  (Fig.  5, a),  exposed  to  only  one  system  of  forces 
(■7*) cp»  inclined  to  the  vertical  at  a  certain  angle  (^)cp.  In  this  case, 
to  estimate  the  stability  of  the  slope,  one  may  use  the  "method  of  the 
slope  turned  at  an  angle  of  (60  )cp,"  proposed  by  R.R.  Chugayev,  as  shown  in 
Fig.  5,c).  As  can  be  seen,  in  this  method  the  effect  of  the  seepage  forces 
on  the  stability  of  the  earth  slope  is  calculated  by  the  hypothetical  value 
of  the  curve  of  the  slope  at  an  angle  of  )cp. 

3.2.  Second  Method — Contour  Method  of  Calculating  Seepage  Forces* 

This  method,  suggested  by  A. I.  Ivanov**  [4],  is  based  on  replacing  the 
volume  seepage  forces  acting  on  a  certain  soil  mass,  abed  (Fig.  6,  a)  with 
a  variety  of  surface  forces  of  hydrodynamic  pressure  exerted  on  the  contour 
of  the  volume,  abed,  of  the  soil  under  discussion.*** 

Figure  6,  c,  shows  two  curves: 

a)  The  curve  a'b'c'd',  obtained  as  the  variety  of  pressure  curves  (on  the 
contour)  shown  in  Figure  6,  a  (see  curves  ?v '  and  Py"). 

b)  The  curve  a°b°c0&0 ,  obtained  as  the  variety  of  pressure  curves  on  the 
contour,  shown  in  Fig.  6,  a  (see  curves  Pj,'  and  Ph"). 

The  area  of  the  curve  a'b'c'd*  gives  the  value  of  the  vertical  component  Fy , 
of  the  total  seepage  force  exerted  on  the  volume  of  soil  abed  under  discus¬ 
sion;  the  area  of  the  curve  a*b*c  "d "represents  the  value  of  the  horizontal 
component  Fj,  of  the  total  seepage  force  acting  on  the  volume  of  soil,  abed. 

Uhen  calculating  Fj,  and  Fy,  as  indicated  above,  the  soil  within  the  area  of 
the  seepage  should  be  regarded  as  weighted. 


It  should  be  noted  that  the  name  of  this  method  ("the  contour  method")  and 
the  name  of  the  "method  of  theoretical  weights  of  the  soil"  were  intro¬ 
duced  in  the  literature  by  R.R.  Chugayev  [1,  2]. 

This  method  is  set  forth  in  a  somewhat  different  form  than  that  given  by 
A. I.  Ivanov  (see  [2]). 

*** 

In  Fig.  e,  R  is  the  pressure  force  from  the  frame  of  the  soil,  on  the 
water;  R^  and  Rr — the  horizontal  and  vertical  projections  of  this  force. 
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4.  RECOMMENDED  METHODS  OF  CALCULATING  SEEPAGE  FORCES 
WHEN  ESTIMATING  THE  STABILITY  OF  EARTHEN  SLOPES 


4.1.  Method  of  Calculating  Seepage  Forces,  Used  When  Estimating  the  Stability 
of  Earthen  Slopes  by  the  Method  of  Circular  Cylindrical  Displacement 
Surfaces  ("Method  of  Theoretical  Weights  of  the  Soil") 


When  calculating  the  stability  of  earthen  slopes  by  the  method  of  circular 
cylindrical  displacement  surfaces,  it  is  always  efficient  to  use  the  so-called 
"method  of  theoretical  weights  of  the  soil."  This  method,  in  various  tech¬ 
nical  formulations,  was  suggested  by  a  number  of  authors  (Kadomskiy,  Ye.D., 
Ode,  I.  [5],  Morgunovyy,  N.M.  [6]  and  others).  A  strict  substantiation  of 
this  method  was  given  on  the  basis  of  the  works  by  R.R.  Chugayev  [2,  7]. 


According  to  the  method  of  circular  cylindrical  surfaces  of  displacement, 
the  safety  factor  of  an  arbitrarily  singled  out  slide  segment  is  expressed 
by  the  fontula  [2]: 
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(7) 


which  in  most  cases  (as  applied  to  Tertsagi's  method  of  weight  pressure)  is 
reduced  to  the  form: 


(8) 


where  Ma  is  the  moment  of  active  forces;  Mp — the  moment  of  reactive  forces 
(relative  to  the  center  of  the  displacement  surface) . 


We  will  explain  the  efficient  methods  of  determining  Mp  and  Ma,  included  in 
formula  (8). 


1.  Method  of  determining  Mp.  In  calculating  the  value  of  Mp,  we  disregard 
the  seepage  forces;  we  calculate  only  Archimedes'  forces  of  weighting. 

Because  of  this,  when  computing  Mp,  we  consider  the  soil  located  above  the 
depression  curve  to  have  a  volume  weight  equal  to  the  volume  weight  of  the 
soil  with  natural  moisture  content;  the  soil  below  the  depression  curve  we 
regard  as  weighted.  Special  studies  have  shown  that  this  assumption  is 
fully  acceptable  (it  gives  a  negligible  degree  of  error  in  the  final  results). 
It  must,  however,  be  noted  that  (7]  explains  an  additional  method,  making  it 
possible,  if  desired,  to  calculate  only  the  vertical  components  of  the  seep¬ 
age  forces  when  calculating  Mp  (which  makes  the  calculation  somewhat  more 
precise) .* 

2.  The  method  of  determining  Ma.  The  value  of  Ma,  according  to  this  method, 
is  determined  without  using  any  assumptions  (i.e.,  is  absolutely  precise). 


•  The  following  procedure  is  used  to  determine  the  value  of  Ma:  a  horizontal 

line,  W-W,  is  drawn  at  the  water  level  in  the  water  race  (see  Fig.  7).  This 

«*  a 

It  can  be  shown  that  it  is  impossible  to  calculate  the  horizontal  component 
of  the  seepage  forces  with  the  ordinary  formulation  of  the  problem  in  this 
case. 


Figure  6.  Plotting  the  Curve  of  the  Vertical  and  Horizontal  Components  of 
the  Seepage  Force 

1 — soil;  2 — piezometers 

line  and  the  depression  curve  mark  the  slide  segment  ABCWA  under  discussion 
into  three  parts.  When  determining  Ma,  the  volume  weight  of  the  soil  for 
these  three  sections  is  taken  as  different: 

a)  For  the  part  of  the  segment  above  the  depression  curve,  the  soil  is  con¬ 
sidered  to  have  natural  moisture  content  with  a  volume  weight  of  (see 
volume  in  diagrams  7,a,b,c); 

b)  The  soil  below  line  W-W  is  considered  suspended,  with  a  volume  weight 

wlth  ft*  "  (®ee  volume  2  in  diagrams  7,b  and  c). 


Figure  7 


c)  The  soil  between  the  depression  curve  and  the  horizontal  W-W  is  regarded 
as  saturated  (if  the  depression  curve  is  above  the  horizontal  W-W) ,  with  a 
volume  weight  of  ,  with  ^c-  *  +  tiya  (Diagram  7,  b,  volume  3).  When 

the  depression  curve  is  below  the  horizon  W-W  (Diagram  7,c),  it  should  be 
considered  that  the  space  MEBM  (volume  4)  is  between  the  horizontal  W-W  and 
the  depression  curve,  filled  with  hypothetical  water,  with  the  moment  of  this 
volume  of  water  relative  to  the  center  0  being  a  negative  value. 

The  value  of  tie  safety  factor  is  calculated  by  using  the  above  valuer  of 
volume  weight.  This  method  of  calculating  the  seepage  forces  is  used  mainly 
when  planning  earthen  dams. 

4.2.  Method  of  Calculating  Seepage  Forces  Used  When  Estimating  the  Stability 
of  Earth  Slopes  by  the  Method  of  Flat  Displacement  Surfaces 

When  determining  the  magnitude  of  the  seepage  forces  acting  on  a  slide  segment 
bounded  from  below  by  flat  displacement  surfaces,  the  "contour  method  of  cal¬ 
culating  seepage  forces"  is  uded  (Bee  section  3.2)  [2]. 

Figure  8  shows  several  diagrams  of  slide  segments  exposed  to  seepage  forces: 
Diagram  a — steady  seepage  directed  toward  the  outside  of  the  slope; 

Diagram  b — steady  seepage  directed  within  the  slope; 

Diagram  c — Irregular  seepage  with  a  sharp  lowering  in  the  water  level  in  the 
water  race,  from  level  (l)-(l)  to  level  (2)-(2); 
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Diagram  d — irregular  seepage  with  a  sharp  lowering  of  the  water  level  in 
front  of  the  facing,  from  level  (l)-(l)  to  (2)-(2). 

The  part  of  the  slide  segment  saturated  with  water  is  called  the  "seepage 
section."  The  seepage  section  of  the  slide  segment  is  bounded  above  by  the 
depression  curve  and  the  outer  surface  of  the  slope,  and  from  below  by  the 
displacement  surface  (for  diagrams  8,  a,b,c).  For  diagram  8,  d,  the  seepage 
section  is  bounded  above  by  the  broken  line  d-c-b-a-4,  and  from  below  by 
d-2-3-4. 

We  will  consider  the  pressure  for  the  lower  limit  a-2-3-4  of  the  seepage 
section  of  the  slide  segment,  shown  in  Figure  8,  a,  b,  c,  to  be  distributed 
according  to  a  linear  principle.  With  the  plane  of  reference  00,  made  at  the 
level  of  the  water  horizon  in  the  water  race,  the  pressure  at  the  extreme 
points  a  and  4  is  respectively  (for  diagrams  8,  a,  b,  c)  Ha  (or  -Ha)  and 
H4*>0;  the  straight  line  a-4"  will  be  the  unknown  piezometric  line.  The 
pressure  at  points  2  and  3  of  the  displacement  surface  is  determined  by  the 
segments  H2  and  H3.  For  diagram  8,  d,  with  the  plane  of  reference  00  (at 
the  water  level  of  the  tailwater),  at  point  2  the  pressure  head  is  equal  to 
H2,  and  at  point  3  the  pressure  head  is  equal  to  0.  The  straight  line  2-3" 
is  a  piezometric  line  for  section  2-3  of  the  shift  surface.  The  sections  of 
the  surface  1-2  and  3-4  are  characterized  by  zero  pressure  heads. 

Having  established  the  pressure  heads  at  all  the  points  of  the  seepage  con¬ 
tour,  one  can  determine  the  value  of  the  vertical  and  horizontal  component 
of  forced  of  the  total  hydraulic  action  exerted  on  the  entire  slide  segment. 

The  vertical  component  *f>y  .  When  estimating  the  stability  of  a  slide  segment, 
in  order  tc  calculate  tiie  vertical  force  fa  (including  the  weighting  and 
seepage  forces),  the  weight  G  of  each  fragment  singled  out  must  be  calculated 
on  the  basis  of  the  following  (sometimes  conditional)  volume  weights  of  the 
soil: 

a)  For  the  area  of  the  soil  which  is  not  saturated  with  water,  on  the  basis 
of  the  value  of  the  volume  weight  of  the  "dry"  soil —  Ye#*  * 

b)  For  the  area  of  soil  below  the  piezometric  line  plotted  for  the  displace¬ 
ment  surface  (see  piezometric  lines  a-4"  in  Fig.  8,  a,b,c  and  2-3  in  Fig.  8, 
d)*  on  the  basis  of  the  value  of  the  volume  weight  of  the  weighted  soily^^  ; 

c)  For  the  area  of  soil  between  the  piezometric  lines  plotted  for  the  upper 
section  and  the  lower  sections  of  the  contour  of  the  seepage  part  of  the  slide 
segment,  on  the  basis  of  the  value  of  the  volume  weight  of  the  saturated  soil 

(when  the  first  piezometric  line  mentioned  lies  above  the  second 
piezometric  line  mentioned),  and  on  the  basis  of  the  volume  weight  * 

*  7i$*  ~7»  %  when  the  piezometric  line  corresponding  to  the  lower  section  of 
the  contour  is  above  the  piezometric  line  corresponding  to  the  upper  section 
cf  the  seepage  contour. 

_ 

When  this  line  lies  below  the  piezometric  line  corresponding  to  the  upper 
section  of  the  contour. 
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Also  to  be  calculated  is  the  water's  own  weight  in  the  volume  included  be¬ 
tween  the  water  level  and  the  piezometric  line  plotted  for  the  plane  of  the 
displacement  (see  Fig.  8,  b,  area  b-4”-c-b),  adding  it  to  the  weight  of  the 
corresponding  fragments.  If  the  piezometric  line  corresponding  to  the  sur¬ 
face  of  the  displacement  lies  above  the  water  level  in  the  water  race,  this 
overweight  by  water  acquires  a  negative  value  (see  Fig,  8,  a,  area  b-4"-c; 

Fig.  8,  c,  area  c-4"-d) . 

The  vertical  component  of  the  seepage  forces  may  be  found  by  plotting  the 
curve  of  the  counter  pressure. 

The  horizontal  component  .  The  horizontal  component  of  the  force  of  the 
hydraulic  action  fy  should  be  considered  equal  to  the  horizontal  component 
of  the  total  seepage  force.  The  force  of  the  hydrodynamic  weighting  of  the 
soil  in  the  water  is  assumed  to  be  vertical,  and  therefore  it  is  not  included 
in  the  value  of  . 

|FhM<J>h|=&>rYB 

where  tor  is  the  area  of  the  curve,  each  horizontal  ordinate  of  which  is  the 
difference  in  the  heights  of  the  pressure,  measured  at  the  two  corresponding 
points  (see  the  corresponding  curves  in  Fig.  8). 

The  corresponding  points  mean  the  points  lying  on  the  same  horizontal,  which 
is  a  continuation  of  the  horizontal  ordinate  of  the  curve  under  discussion, 
and  the  points  belonging  respectively  to  the  left  and  right  part  of  the 
contour  of  the  seepage  section  of  the  slide  segment. 

The  direction  of  the  force  Ft4  may  vary;  outside  the  slope  and  within  it 
(depending  on  the  direction  of  the  general  course  of  the  seepage  flow). 

5.  CALCULATING  THE  SEEPAGE  FORCES  WHEN  ESTIMATING  THE  STABILITY 
OF  EARTHEN  HYDRAULIC  ENGINEERING  STRUCTURES 

5.1.  Calculating  the  Seepage  Forces  in  the  Clayey  Core  of  Earth-Rockf ill  Dams 

When  discussing  seepage  through  the  clayey  core  of  a  dam,  the  following  types 
of  seepage  flow  are  distinguished: 

1 —  Steady  seepage  flow  with  a  rise  in  the  water  level  of  the  headwater; 

2 —  Irregular  seepage  flow  occurring  in  the  core  as  the  result  of  its  con¬ 
solidation  (when  there  is  no  water  in  the  water  race); 

3 —  Irregular  seepage  flow  occurring  in  the  core  when  the  processes  of  con¬ 
solidation  are  not  yet  completed,  and  the  water  level  in  the  headwater  is 
raised . 
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Figure  9  shows  the  lines  of  equal  pressure  In  the  core  (rectangular  core) 
for  types  1  and  2  seepage  flow. 


Figure  9 

a — lines  of  equal  pressure  in  the  core  with  steady  seepage; 

b — lines  of  equal  pressure  in  the  core  with  irregular  seepage 

(in  the  process  of  consolidation  in  the  core);  1 — lines  of 
equal  pressure 

For  the  third  case  of  seepage,  depending  on  the  rate  of  consolidation  and 
the  system  fcr  filling  the  reservoir,  different  patterns  of  seepage  pressures 
may  be  obtained  in  the  core.  Figure  10  shows  the  diagrams  of  possible  lines 
of  equal  pressure,  pertaining  to  the  different  points  in  time  after  the 
reservoir  is  filled. 

Figure  10,  a,  pertains  to  the  point  at  which  the  hydrodynamic  pressure  caused 
by  the  consolidation  is  greet  (as  compared  with  the  pressure  caused  by  the 

headwater).  Diagram  10,  b,  corresponds  to  the  case  when  the  pressure  of  con¬ 

solidation  is  low  (as  compared  with  the  pressure  of  the  headwater).  Diagram 
10,  c,  shows  the  precise  (general)  case,  in  between  the  two. 

Bearing  this  in  mind,  of  the  possible  patterns  of  seepage  explained  above, 
to  estimate  the  stability,  one  should  select  those  which  will  give  the 
greatest  possible  pressure  within  the  core. 

The  seepage  forces  arising  in  the  process  of  the  seepage  must  be  taken  into 
consideration  when  estimating  the  stability  of  the  downstream  shell  of  the 
dam. 

The  stability  of  the  downstream  shell  of  the  dam  may  be  calculated  by  the 
method  of  circular  cylindrical  surfaces  of  displacement  or  by  the  method  of 
flat  surfaces  of  displacement  [9]. 

We  will  explain  the  characteristics  of  calculating  by  the  method  of  flat 
surfaces  of  shift; 

We  will  discuss  two  planes  of  displacement: 
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Figure  10 


a-b-c — possible  diagrams  of  the  line  of  equal  pressure  in  the 
core  with  irregular  seepage  (in  the  process  of  filling  the 
reservoir  and  consolidating  the  core);  1 — lines  of  equal 
pressure. 

1)  The  displacement  of  the  soil  takes  place  along  the  broken  line  of  the 
surface  AdB  (Fig.  11).  This  case  is  characterized  by  the  fact  that  the 
section  of  the  displacement  surface  Ad  lies  within  the  core; 

2)  The  displacement  of  the  soil  and  rock  takes  place  along  the  surface  of 
displacement  NaB,  with  the  surface  Na  lying  outside  the  core. 

In  analyzing  the  stability  of  the  respective  segments  of  the  soil  (Add' A  and 
d'dBd'  in  the  first  case,  and  Naa'N  and  a'aBd'a*  in  the  second),  we  should: 
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a)  In  the  first  case  calculate  the  hydrodynamic  pressure  of  the  water  in 
the  interstitial  space  which  is  in  effect  along  the  surface  of  displacement, 
Ad; 

b)  In  the  second  case  calculate  the  horizontal  pressure  of  the  water  on  the 
core,  expressed  by  a  triangle  of  hydrostatic  pressure  plotted  for  the  depth 
of  the  water  in  the  water  race,  and  the  vertical  counter  pressure  exerted 
along  the  base  of  the  core,  ad  (determined  in  accordance  with  the  existing 
lines  of  equal  pressure;  here  the  weight  of  the  volume,  a,add"a*  should  be 
calculated  on  the  basis  of  the  volume  weight  of  the  saturated  soil). 

Note.  The  displacement  of  the  segment  D'DBd’D',  due  to  the  active  pressure 
of  the  soil,  E,  falling  within  the  boundary  D'D,  cannot  be  discussed  in  this 
case  (taking  into  account  the  pressure  of  the  water  in  the  pores) .  When  con¬ 
cerned  with  the  stability  of  the  segment  D’DBd'D*,  its  displacement  should  be 
discussed  in  conjunction  with  the  segment  D'DMAD'  along  the  surface  MDB, 
bearing  in  mind  the  fact  that  the  pressure  of  the  water  in  the  pores  along 
the  line  DD'  will  be  an  internal  force,  which  must  not  be  taken  into  con¬ 
sideration  in  the  calcualtions . 

5.2.  Calculating  the  Seepage  Forces  When  Estimating  Rock-Earthf ill  Dams 
With  a  Facing. 

When  estimating  the  stability  of  the  upper  slope  of  dams  with  a  facing,  the 
case  of  a  rpaid  drop  in  the  water  level  in  the  water  race  should  be  checked. 
To  be  checked  here  is  the  possibility  of  a  displacement  along  two  planes: 

1 — The  displacement  of  the  protective  layer  along  the  facing;  2 — the  dis¬ 
placement  of  the  facing  along  with  the  protective  layer  along  the  material 
of  the  embankment  of  the  dam. 

The  calculations  are  made  in  accordance  with  the  method  of  flat  surfaces  of 
displacement  [9] . 


Key: 


Facing 


2.  Surface  of  displacement 


The  theoretical  diagram  for  the  case  of  the  facing  sliding  along  the  material 
of  the  dam  embankment  with  a  rapid  reduction  in  the  water  level  in  the  water 
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race  is  shown  in  Figure  8,d.  See  part  4,  section  4.2  for  the  characteristics 
of  plotting  the  curve  of  the  vertical  and  horizontal  components. 

The  following  circumstance  should  also  be  taken  into  consideration  in  cal¬ 
culations  for  dams  with  a  facing. 

We  will  assume  that  when  the  water  level  in  the  water  race  is  at  the  (l)-(l) 
level,  the  depression  curve  behind  the  facing  takes  the  position  (3)— (3) 

(Fig.  12).  When  there  is  a  rapid  lowering  of  the  water  level  in  the  water 
race  to  the  level  (2)-(2),  below  the  depression  curve  (3)-(3),  along  the: 
line  be  there  will  be  a  constant  pressure,  corresponding  to  the  pressure  at 
point  b;  along  the  line  cd  the  pressure  drops  according  to  a  linear  principle 
(see  the  piezometric  line  c'd'  in  Fig.  12).  Therefore,  the  pressure  (counter 
pressure)  exerted  on  the  facing  is  expressed  by  the  curve  b,b"d,c'.  When 
there  are  sufficiently  great  ordinates  of  the  counter  pressure  curve  obtained, 
the  facing  surfaces,  and  there  is  no  point  in  this  case  of  verifying  the 
stability  of  the  facing  for  a  shift  along  the  surface  abed. 

5.3.  Calculating  the  Seepage  Forces  When  Estimating  the  Stability  of  a  Slope 
on  the  Crest  of  Which  a  Forebay  is  Located 

The  stability  of  a  slope  on  the  crest  of  which  a  forebay  is  located  is  deter¬ 
mined  according  to  the  method  of  circular  cylindrical  slide  surfaces  [9],  and 
the  safety  factor  is:* 

k  =  %  =  fla-t-  Ihicd 
3  Ma  Ma 

where  Mm  is  the  moment  of  the  forces  of  friction  (relative  to  the  center  0 
of  the  surface  of  shift);  r  is  the  radius  of  the  surface  of  shift;  Ls  is  the 
length  of  the  arc  of  shift. 

The  moment  of  the  forces  of  friction  is  calculated  from  the  formula: 

Mm  -  r(Q  +  fcyx  +  +  w')t8^d 

where  Q  is  the  sum  of  all  the  vertical  forces  acting  on  the  forebay  (the 
structure's  own  weight,  the  counter  pressure;  for  the  diagram  of  Figure  13, b 
the  counterpressure  is  equal  to  zero) ;  fcyx  is  the  weight  of  the  dry  soil 
above  the  depression  curve  (for  diagram  13,  a,  /Jj*  *0);  /Z*q  is  the  weight 
of  the  suspended  soil  between  the  depression  curve  (if  there  is  one)  and  the 
slide  curve;  W'  is  the  pressing  force  of  the  blanket  through  the  difference 
in  the  pressures  of  the  water  above  and  below. 

The  moment  of  shift ing  forces  is  equal  to  the  sum  of  the  moments  of  the  fol¬ 
lowing  forces  (relative  to  the  center  0  of  the  arc  of  shift): 

Ma  -  MBb  +  MBv,  + 


* 


According  to  the  method  of  weight  pressure 


where  M_  is  the  moment  of  the  weight  of  the  water  of  the  headwater  in  the 
B 

volume  bounded  by  the  arc  ab,  which  is  the  continuation  of  the  arc  of  shift; 


M- 


is  the  moment  of  the  weight  of  the  concrete  structure  (not  taking  into 


account  the  counter  pressure);  M/^  is  the  moment  of  the  weight  of  the  dry 


soil,  above  the  depression  curve  (for  diagram  13,  b);  M/-  is  the  moment  of 


the  weight  of  the  saturated  soil  below  the  curve  of  the  depression. 


Figure  13.  Calculating  the  Stability  of  a  Slope  on  the  Crest  of  Which  a 
Forebay  is  Located 

1  — forebay;  2 — blanket; 3 — curve  of  depression 
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nPEAHCJlOBHE 

fc  n pH  npOeKTHpOBaHHH  3eM^IHHbIX  THiipOTeXHHqeCKHX  COOpyjKCHHH 

npHXO^HTCH  o6pamaTb  BHHMaHHe  Ha  peuieHHe  Bonpoca  o  MexaHHHe- 
ckom  B03aeiicTBHH  <jmabTpauHOHHoro  noTOKa  Ha  cxeaeT  rpyHTa.  Ta- 
KOe  B03fleHCTBHe  riOpOiKjaer  B03HHKH0BeHHe  <})HabTpaUHOHHblX  H 
B3BeiIlHBaiomHX  CHJI,  IipHaO}KeHHbIX  CO  CTOpOHb!  (j)HJIbTpaUHOH'HOrO 
noTOKa  k  CKeJieTy  rpyHTa.  3th  cHaw  hb^hiotch  MaccoBbiMH  (o6T>eM- 
HHMH)  CHflaMH,  IipHHeM  yHCT  HX  HHOr/ia  BW3blBaeT  6o^bIUHe  TpyflHO- 
cth.  BMecTe  c  TeM  Taxne  cnau,  xax  n3Becrno,  MoryT  o6ycaoBaHBaTb 
B03HHKH0BeHHe  Cy<J)(j>03HH  H  xaabMaTaJKa,  MeCTHOTO  (j)HJlbTpaUHOH- 
Horo  Bbinopa,  a  Taxwe  o6mero  o6pyiueHHH  3eMJiHHUx  Macc  rpyHTa, 
ofipaayiomHX,  HanpHMep,  Teao  3eMaxHoro  OTKoca.  CaeayeT  noaaepK- 
HyTb,  hto  b  HacToamee  BpeMH  HeaonycTHMo  npoexTHpoBarb  3eMJi»- 
Hue  rHapoTexHHHecKHe  coopywenna  6e3  yieTa  (jwabTpauHOHHbix 
cna,  HaaHHHe  KOTOpbix  xacTO  BbttUBaeT  snaxHTeabHoe  yaopoxcaHHe 
coopyateHHH. 

B  aHTepaType  Bonpoc  o  (jntabTpauHOHHbix  cnaax  paccMaTpHBaa- 
ch  mhothmh  aBTOpaMH,  npnqeM  6bia  npeaaoxceH  ueanA  paa  pa3anq- 
hhx  cnocofioB  yaeTa  sthx  caa.  CpeaH  H3BecTHbix  cnoco6oB  hmciot- 
ch  cnocofiu,  npHeMaeMbie  c  npaxTHwecxoA  tohkh  3peHHH,  h  Taxae, 
xoTopue  b  HacTO»mee  BpeMH  caeayeT  CHHTaTb  HeaocTaTOHHO  coBep- 
uieHHbiMH,  HHoraa  we  HcnpaBaabHUMH,  aaiouiHMH  omufioHHbifl  pe- 
3yabTaT. 

ripeaaaraeMoe  «PyxoBoacTBO»  nocBxmaeTCH  ToabKO  Bonpocy 
yneTa  (pHabTpaunoHHbix  cna  npn  pacieTe  o6meA  ycToAmi  booth 
36MaHHUX  OTKOCOB  (BOnpoCbl  Cy(J)(J)03HH,  KOabMaTawa  H  MeCTHOTO 
4>HabTpaiiHOHHoro  Bbinopa  iinwe  He  ocBemaioTCH) .  C  ueabio  o6aer- 
HHTb  pa60Ty  HHWeHepOB-npoeKTHpOBlUHKOB,  B  aailHOM  «PyKOBOaCT- 
*'  Be»  onncHBaiOTCH  cooTBeTCTByiomHe,  HaH6oaee  pauHoiiaabHbie  cno- 
co6hi  yneTa  (pHabTpauHOHHbix  cna  b  4>opMe,  yaoSHoA  npn  npaxTHxe- 
CKOM  HCnoab30B3HHH  3THX  CnOCOSOB. 

■  B  aaKaioHeHHe  otmcthm,  hto  cpean  pa6or  aBTopoB,  saHHMaBiiiHx* 

cn  BonpocoM  yqeTa  (JwabTpauHOHHbix  cna,  HaHfioaee  noaHHe  nccae- 
aoBaHHH  npHHaaaewaT  P.  P.  MyraeBy,  xo-ropuA  BnepBue 
npeaaowna  (yiHTbiBaTb  (JwabTpauHOHHwe  cnabi  npH  pacxe- 
‘  Tax  aeMaHHbix  otkocob  h  paapafkvraa  nepBbiA  pacneTHbift  cnocoC  Ta- 
•  Koro  poaa  [I,  2,  7, 9].  CaeayeT  otmcthtb,  hto  «PyxoBoacTBO»,  cocTaB- 
aemioe  b  JlafiopaTopHH  3e.MaHHbix  rHapocoopyweHHA  Ma.  h.  coTp. 
T.  A.  ^yraeBoA,  ofiofimaeT,  raaBHUM  o6pa30M,  pafioTbi  HB3BaHHOro 
aBTopa  (2,  9J. 
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MHHHfTonrTBn  PyKOBOflCTBo  no  yseTy 

<tmjibTPauHQHHb.x  cha  n  34-75 

h  9«KTPHAHKa«HH:CCCP  npH  P*"*™*  ycroftniiBOCTH  BHMtff 

0TK0C0B  3MWSIHNX  COOpyWeHH  A 


1.  OBIllHE  I10J10)KEHH$I 
1.1.  0&*aCTb  npNMeHCHHn 

Hacroamee  «PyKOBoacTBO»  othochtch  k  3eMJiHHHM  coopyweHH- 
HH  Bcex  KJiacCOB  KailHTajIbHOCTH,  nOflBep)KeHHhIX  JieHCTBHlO  (J)HJ)b- 
TpauHOMHoro  noTOKa. 

B  aaHHofl  pa60Te  He  paccMaTpHaamcn  Bonpocu  $HJibTpauHOH- 
hoh  npoMHocTH  (HOpMa/ibHoft  h  Ka3ya^bnoft),  HapyiiiaeMoA  b  cbhsh 
c  cy4>^>o3Heft  h  xojibMatawoM  rpyHTa,  paBHUM  oSpaaoM  «e  paccMai- 
pHBaiOTCH  H  BOnpOCbl  (J)HJlbTpaUHOHHOrO  Bbinopa. 

Hwwe  paccMaipHBaiOTca  TOJibKO  pacneTH  tbk  Ha3biBaevioro  «o6- 
mero  o6pyuieHHa»  3eMJi»Hbix  otkocob,  Koraa  B03MO*HocTb  o6pyme- 
hhb  3eMJi*HUX  Mace  rpyHTa  o6ycjioBflHBaercH,  b  ochobhom,  aeftcT- 
bhpm  co6cTBeHHoro  Beca  rpyHTa  (h  npHjioweHHbix  k  HeMy  bhcwhhx 
noBepxHOCTHbix  Harpy30K);  <{)HJ!bTpauHOHHbie  chjih  b  stom  cnynae 
HrpaiOT  TOJibKO  flOnOJIHHTeJlbHyiO  pojib  (b  OTJIHHHe  OT  <|)HJIbTpailH- 
OHHoro  Bbinopa). 

1.2.  flpHHflTue  oSosHa senna  ochobhhx  BejiHsnn 

0  —  yroji  HaKJioHa  OTKOca  k  ropH30HTy; 

m  —  K03$$HUHeHT  OTKOca;  m=ctg  0; 

Z  —  BbicoTa  oTKoca; 
m  •  Z  —  3ajio»eHHe  OTKoca; 

/  —  nbe30MeTpHnecKHfl  yxjion  $HJiVrpamioHHoro  noTOKa  b  pac- 
CMaipHBaeMoft  Tonne;  /  =  — dHId iS; 

n  —  nopncTOCTb  rpyHTa; 

Y«  — yaejibHufl  aec  BOflu;  '  1 
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Y'cyx  —  o6i»eMHhifl  Bee  aficoAxmio  cyxoro  rpyHTa; 

Ycyx —  o6i>eMHbift  Bee  npaKTHHecKH  cyxoro  rpyHTa  (npu  naAHHHH 
eCTeCTBeHHOH  BJia>KHOCTH) ; 

Yaa» —  oStjcmhuh  Bee  B3BemeHHoro  b  boas  rpyHTa; 

yHac  —  oSteMHuft  Bee  HacumeHHoro  BOflofl  rpyHTa  (Ynac=Ycyx+ 

+«-y»); 

9„ —  AeftcTBHTeJibHbiH  yroA  BHyTpeHHero  TpeHHH  rpyHTa  (3Ha«ie- 
HHe  9,  cooTBeTCTByiomee  AaHHOMy  rpyHTy,  Ha&AeHHoe  sxene- 
pHMemajibHUM  nyTeM); 

9k  —  BejiH4HHa  <p,  npH  KOTOpofl  paccMaipiiBaeMasi  o6aacrb  rpyH¬ 
Ta  AOAJKHa  HaXOAHTbCfl  B  COCTOHHHH  UpeAeAbHOro  paBHOBe- 
CHH  (KpHTHMeCKHH  yTOA  BHyTpeHHeTO  TpeHHfl); 
c„  —  AeflcTBHTeJibHoe  yAeAbHoe  cuenACHHe  rpyHTa  (3Ha<ieHHe  c, 
cooTBeTCTByiomee  a&hhomy  rpyHTy); 
cH  —  BejiHMHHa  c,  npn  xoTOpofi  paccMaTpHBaeMaa  o6AacTb  rpyHTa 
AOAWHa  HaxoAHTbca  b  coctohhhh  npeAeAbHoro  paBHOBecHH 
(xpHTHHecKoe  yAeAbHoe  cuenAeHHe); 
k3  —  K03<p<pHiuieHT  3anaca  ycTOflHHBOCTH  paccMaTpHBaeMoro  ot- 
cexa  rpyHTa. 


1.3.  TepMNHOJioraa 

fJopucroe  reAo  (rpyHT,  6eTOH)  —  teao,  cocTOsmi.ee  H3  cxejieTa 
(TBepAofl  (J>a3bi)  h  nop,  xoTopbie  MoryT  6brrb  3anoAHenbi  boaoS  h 
B03AYX0M  HAH  HaCTHHHO  BOAOH,  H3CTHHH0  B03AyX0M.  CAeAyeT  pa3- 
AHiaTb  A»e  MOAeAH  nopncToro  reAa:  TOHen  ho- koht aKTHoe  nopncToe 
TeAO  H  CAHTHO-nOpHCTOe  TeAO. 

T oneHHO-KOHTciKTHoe  nopucroe  TeAO  —  tcao,  o6pa30BaHHoe  TBep- 
AbiMH  uacTHuaMH,  conpHxacaiouiHMHcsi  Apyr  c  ApyroM  b  MaTeMaTH- 
•lecxHx  TOMxax.  B  stom  cAynae  xawAaH  qaenma  cxeAeTa  OMhiBaeT- 
CH  CO  Bcex  CTOpOH  WHAKOCTblO. 

CAUTHo-nopucToe  reAO  —  TeAO,  noAynaiomeecH  npH  coeAHHeHHH 
TBepAbix  nacTHu  Apyr  c  ApyroM  npn  noMomn  BOAOHenpoHHuaeMbix 
koht3 ktob,  HMeioiiuix  onpeAeAeHHyx)  nAouiaAb.  B  9tom  cAynae 
TOAbxo  Macib  noBepxHocTH  uacTHu  noABepraeTCH  AefiCTBHio  jkhaxo- 
cth;  ocTBAbHasi  wacTb  —  aauiHmeHa  ot  achctbhh  jkhakocth  boaohc- 
npoHHuaeMbiMH  KOHTaxTaMH. 

Vkaoh  omoca  —  TaHreHc  yrAa  HaxAOHa  x  ropH30HTy,  paBHbift 
1  :  m;  cxoaipipHiiHeHT  OTKoca»  —  BeAHHHHa,  oOpaTiiasi  cyxAOHy  ot- 
xoca»,  paBiian  m :  1  (t.  e.  paBHan  xoTaHreHcy  yrAa  HaxAOHa  x  ro- 
pH30HTy) . 

06w,ee  o6pyiuenue  szmaahozo  otkocci  —  cabht  6oAbiuoft  viaccu 
rpyHTa,  o6pa3yx>mero  otxoc,  noA  AeftcTBHeM,  rAaBHbiM  o6pa30M,  cha 
eo6cTBeHHoro  Beea  rpyHTa  (<}>HAbTpauHOHHbie  cham  Hrparn  BTOpo- 
cTeneHHyx)  poAb). 

MecTHbiA  4>UAbTpauluoHHt>i&  eunop  zpynra —  cabht  cpaBHirreAb- 
ho  He6oAbiuoft  Maccbi  rpyHTa  noA  AeftcTBHeM,  rAasHUM  otipasoM 
IpHAbTpailHOHHblX  CHA. 


S 


2.  OEIUHE  CBEflEHMJI  O  +MJIbTPAUHOHHblX  CHJIAX 


2.1.  BhAU  4>HJIbTpaUHOHHUX  HOTOKOB  B  TtJIC  3CMAMHUX  COOpyXCNH A 


Cjie^yeT  pa3JiHqaTb  TpH  ochobhux  BH^a  tpH/ibrpauHH  b  Ttne  3eu- 
/isiHoro  rHjupoTexHH'iecKoro  coopy*eHHa: 


1)  ycTaHOBHBiuancH  <pnjibTpau»jr 

(pHC.  I, a); 


a) 


\ 


Phc.  1 

a-OTKoc,  KOAsepwcHHuB  JiefccTMlo  yCTtHoaHllueUca 
tpHJhTpaUflH.  0~  OTKOC,  OOUepWCHHUft  leftCTVMO 
HeycraHOBHsijueftc*  (f>iui.Tp«nnn  b  peayabTBTB  6n- 
CTpOrO  CHtOKCHBH  rOpH30HTB  BOIU  B  6b«4>e.'  l-KfM- 
BBB  aHcnpeccHH. 


H3  aepxHero  Obeepa  b  hhxchhh 

2)  HeycTaHOBMB  ui  a « c a 
(pHAbTpai'.HB,  B03HHKaK>mafl 
npH  H3MeiteHHH  (BO  BpeMCHH) 
ycJiOBHfi  Ha  rpaHHuax  oCS.na- 
CTH  CpH.lbTpaUHH  (HP>1  HCH3- 

MeHHOM  bo  BpeMeHH  o6-beMe 
nopoBoro  npocTpaucTBa)  [IJ, 
HanpHMep,  no^ynatomancH  b 
Te^e  otKoca  nocjie  chhikchhh 
ropH30HTa  BOAbi  b  6  beep  e 
(p«c.  1,6); 

3)  HeycTaHOBMB  ui  a  a  c  n 
(pH.lbTpaUHH,  o6yCJlOBJleHH3B 
KOHCOJlHAaiJHeH  TJIHHHCTOrO 
BOAOHacbimeHHoro  rpynra 
((pH.ibtpauHs,  Bbianamtaa  H3- 
MeHeHweM  bo  BpeMeHH  o6i>eMa 
nopoBoro  npocTpaHCTBa). 

/tonOJIHHTejIbHO  MOJKHO 


eme  pa3JiH«iaTb  c-neayiomHe  eJiynaH  (pHjibipaunn. 

а)  (pHJibTpauHio,  noJiynatomyiocH  b  nepHoA  BOSBeaeHHH  HaMtJB- 
hoh  njioTHHhi  [2]  (npH  aBycTopoHHeM  HaMbiBe;  cm.  phc.  2,  a); 

б)  (pHJtbTpau.Hio  b  Teae  ot- 


Koca,  nojiyqaiomyiocH  npw  bw- 
naaeifHH  aojkah,  Kor.ua  no- 
BepXHOCTb  MCHHCKOB,  yCTaHaB- 
JiHBaiomaHcn  b6jj«3H  noBepx- 
hocth  3eMflH,  «pa3pymaeTcs» 
AOJKfleBbIMH  BOflaMH;  npH 
3tom  b  TeJte  oTKOca  o6pa3yeT- 
ch  noTOK,  ana^orHMHbift  npeA- 
cTaBJieHHOMy  Ha  pac.  J,6.  Ha 

Phc.  2. 

o-jj)HjihTpauMOHHUfi  not ok,  oftpaayiomMAcff 
BO  Bptllfl  HBMUBa  IWOTHHW;  0  -OTKOC,  «a- 
C44lK6HHUft  nOKOflUieftCB  rpyHTOBOft  BO  JO  A 

b  c.iynae  3HaMHT«4bHoA  aucorbi  KanHflvmp- 
Horo  nojiHATHn;  7-npy/i;  2 — jhhhx  amo- 

CtpepHOrO  AftBACHHA. 


pHc.  2,6  qepe3  hm  o6o3HaqeHa  Bucoia  KariHJijtflpHoro  noflHHTHfl 
BOflu;  amopu  A^B'B  h  BB"C  —  amopu  KanHJiJinpHOro  AaBjieHHH, 
HMCBLUHe  MeCTO  0.0  BblfiaAeHHH  flOJKAH. 

2.2.  flOHSTHe  O  4>HJlbTpauHOHHhlX  CHJiaX 

B  cjiyqae  ycTaHOBHBmeficH  JiaMHHapHoii  (JwjibTpauHH,  paccMaT- 
puBafl  OAHy  qacTHuy  rpyHTa,  oMHBaeMyio  boaoA,  mo  who  noKa3atb, 
hto  3Ta  qacTHua  noABepraercH  achctbhio  (co  ctopohu  (pHJibTpauH- 
oHHoro  noTOKa)  chji  AaBJieHHH  (HanpaBJieHHHx  HopMajibHO  k  ee  no- 
BepxHOCTH)  h  chji  TpeHHH  (HanpaBJieHHHx  KacaTeJibHO  k  ee  noBepx- 
hocth). 

Ecjih  qepe3  f°  o6o3HaqHTb  reoMeTpHqecKyio  cyMMy  Bcex  chji  AaB¬ 
jieHHH  h  TpeHHH,  npHjioweHHux  k  oahoA  qacTHue  rpyHTa,  to  Aocra- 
tohho  6ojibiuoA  ofiieM  V  rpyHTa,  coctohihhA  H3  MHowecTBa  qacTHU, 
CyAeT  noABepraTbca  acActbhio  (co  CTopoHbi  cpHJibTpaiwoHHoro  no¬ 
TOKa)  chjih: 

0=  s7J,  (1) 

rae  —  reoMetpiwecKaH  cyMMa  chji  /*,  nptuioxeHHUx  k  OTawibHUM  MacTHuaM 
rpyHTa,  cocTaBJWiomHM  pacCMaTpHaaeMUft  oOteM  rpyHTa. 

YAejibHan  cwjia  MexaHHHecKoro  B03AeAcTBHH  (pHJibTpauHOHHoro 
noTOKa  6yAeT: 

<b 

(2) 

JXnsi  yAo6cTBa  pacneTa  yaeJibHyio  cHJiy  <p  hphhhto  paajiaraTb 
(npn  paccMOTpeHHH  njiocKofi  aaAaqn)  Ha  ABe  cocraBJiHiomHe.  Mohc- 
ho  HaMeTHTb  HecKOjibKo  cnocofioB  pa3JioweHHH'1  chjih  <p  Ha  ee  co- 
CTaBJiHtomHe  [2],  Ha  pHc.  3  (ajih  npHMepa)  npeAcraBJieHO  qeTupe 
cnoco6a  paajioweHHH  chjih  tp,  roe  npHHHTbi  cjieAyiomHe  o6o3Haqe- 
hhh;  m  —  paccMaTpHBaeMaa  tobkh  o6jiacTH  (pHJibTpauHH;  p  —  th- 

ApoAHHaMHHecKoe  AaBAeHHe;  H  —  Hanop  (H—z+  ■£-,  rAe  z  —  Bep- 

I  B 

THKajibHan  KoopAHHaTa  tohkh);  N — HanpaBJieHHe,  HopMajibHoe  k 
jihhhhm  p=const;  n’  —  KoopAHHaTa,  HaMeqeHHaa  BAOJib  3Toro  Ha- 
npaBAeHHH;  /  —  nbe30MeTDHHecKHfl  vkjioh  b  paccMaTpHBaeMofl  toh- 
Ke  m;  wN ,  wt',  w,  w'N,  (U)n  ,  wx,  j<j>,  wz  —  pa3JinqHue  cocTaBJimo- 
mne  yAejibHofl  chjih  cp.  HaH6ojiee  yAo6HHM  cnocoCoM,  kotophm  mu 
HH*e  h  CyAeM  nojib30BaTbCH,  HBjiHeTca  cnoco6,  noxasaHHuA  Ha 
pHc.  3 ,6.  CorjiacHo  3T0My  cnoco6y  cHJia  <p  pacKjiaAHBaeTCfl:  Ha  Bep- 
THKajibHyio  cocTaBJiHiowyio  w  h  cocTaBJiJUomyio  f<j>,  HanpaBJieHHyio 
BAOJIb  J1HHHH  TOKa.  IlpH  TaKOM  paSJIOWeHHH  CHJIH  Ip  OKa3HBaeTCH, 
hto  ee  cocTaBJiaiomaji  w  nojiyqaeTCH  paBHoft  apxHMeAOBoft  cHJie, 
t.  e.  CHJie  B3BeuiHBaHHH  TBepAoro  Tejia,  KOTopaa  HMeeT  Mecro  b  CJiy- 
qae  noKoameftcH  jkhakocth.  3Ty  cocTaBJiHfomyio  H8308eM  yAeJibHoft 
CHJIOfl  «rHApOAHHaMHWeCKOrO  B3BeiiIHBaHHH». 

CoCTaBJIHIOmyiO  /*  MexaHHMeCKOrO  B03AeACTBHH  BOAH  Ha  CKeJICT 
rpyHTa  npHHHTO  Ha3UBaTb  (pHJlbTpaUHOHHOft  CHJIOft. 


B  cjiyuae  TOHenHo-KomaKTHoro  nopHCToro  T&na  hmc£m  (cm. 
pnc.  3,6): 

a)  BepTHKajibHaa  cocTaBJiaromaa  ciuia  <p  paana: 

»  =  (!-«)  7,;  (3) 


v  '  “  t' 

[w i 

*>  ritr  »  « 
,y75:^N^  "&*!*  “s-f-raC 


|  «£mJK-w~r§it*,r ~n>7> 


NST'<6y.y  > 


w^@  I 


y  4  KS^r  ■ 

' /*  A* 

I  /  'VI. 


*7  /mi 


V  / 

y/y 


1  '  >--«  *»/  /  /.  * 

st/ 

$sH 

W>  Ni  P^.*y*5' 


*OiP7  A- 


■  J?' 

I (•* 


Phc.  3 

a— <5—  B  —  2  -BOSMOlKIIUe  BapHUHTU  pIMOXeHHa  CHAU  <p  Hl  COCTlUamUHC. 

6)  cocTaBJisiomaH  chjiu  <p,  HanpaBJieHHaa  BAO/ib  jihhhh  tokb 


paBHa: 


,  ,  dH 

^  =  7./=  -fa  55- 


rjje  l^—dH/dS,  nP-KMeM  dHIdS  —  rpanneHT  Hanopa  tipn  ycTaHOBHBiueMca  a»h- 
BteHHH  2. 

1  CaeayeT  omeTHTb,  mto  (j)opMyjiy  (4)  BnepBue  otiyCaHKoaaa  K.  Tepuarw. 
Oahsko  oh  «e  OTMeTHB,  no  BTopaa  cocthbjihioui8h  npHHHMaerca  hm  BepTHtcaab- 
HOft,  B  CBH3H  C  H€M  OH  tt03B0JlH.fi  APyTHM  BBTOpail  (H.  11.  IlySbipeBCKOMy  H  AP-)  060- 
CHOBaHHO  noKa3aTb,  mto  (jiopMyjia  (4)  HBjmeTCH  HeaepHOft,  ecnH  mu  npHMeu  HHoe 
nanpaBjieHiie  sropoA  cocTaBjifltomeft.  FIoapoGho  no  sroMy  Bonpocy  cm.  [2]. 

s  S  — Hanpa bjioh He,  HaueMeHHoe  BAonb  jihhhh  roxa  a  cropoHy  yMeHbuiaiouiHX- 

cb  »HaHeHHft  H. 


Hpn  HajumHH  cmiTHO-nopucroro  Te.na  HMee.M  (pne.  3,6),  corjiac- 
ho  P.  P.  HyraeBy: 

а)  cH.ia 

w  =  (i  -  n)  (3') 

б)  cH.na 

=  (4') 

ne  «  —  tax  Ha3HB3eMuft  kos^^huhcht  noBepxHOCTHoft  nopHCTOcTH  npyHTa. 

3aHHMaacb  BonpocawH  ycTOHMHBOCTH  h  npoqHOCTH  3eMJiaHbix  co- 
opyjKeHHft,  6y^eM  paccMaTpHBaTb  mibKO  ToweHHO-KOHTaKTHbie  rpyH- 
Tbi.  B  3tom  c.iyqae  npH  BbinojiHCHHH  npaKTH9ecKHX  pacneTOB  06- 
.iacb  rpyHia,  pacnojio>KeHHyio  hhjkc  KpuBoft  AenpeccHH,  Syjew  pac- 
CMaTpHBatb  K3K  B3BeUieHHyiO  (nOABep>KeHHyiO  flefiCTBHK)  BepTHKa.lb- 
HOft  CH^lbl  rH^pO^HHaMMMeCKOrO  B3BeUlHBaHHB,  no  BeJIHMHHe  paBHOrO 
apxHMejoBofl  CHvie).  Zlono.riHHTe.'ibHO  6y,ieM  CHHTaxb,  mto  k  KajKflofi 
e/iHHHue  o6T>eMa  rpyrna,  pacno.ioweHHoro  b  yKa3aHHoft  o6jiacTH, 
npHJio>KeHa  cn^a  f <p  (cm.  (jjopMy^iy  4),  HanpaB^ennaa  Bflo^b  jihhhh 

TOKa. 


3.  OCHOBHblE  (MCXOAHME)  CROCOEbl  yMETA 
4>HJlbTPAU,HOHHbJX  CHJI  flPM  PACHETAX  yCTOHHH BOOTH 
3EMJ1HHWX  MACC 

3.1.  MepBbiA  cnoco6  —  yqet  ^HjibTpauHOHxux  chji  npH  noMOiux 
noreHUHa.TbHofi  (pyHKUHH  «pe3yjibTHpyioiunx  chji*  1 

Ha  ofluy  e/iHHHiiy 
ofi-beMa  rpyHTa,  Bbiae- 
/leHiiyio  b  npe^ejiax 
(})HJibTpauHOHHoro  no- 
TOKa,  aeficTByiOT  Tpvi 
cu.Tbi,  HMeiomne  110- 
TeHUHa^i: 

а)  CH/ia  codcTBen- 

noro  Beca  «cyxoro» 
rpyHTa;  S) 

б)  cH.ua  rnapoaH- 
naMHqecKoro  B3Bemn- 
BaHHH  w,  Bbipawae- 

MaH  33BHCHMOCTblO 

(3); 

B)  <J>H.1bTpaUHOH- 
uaa  cH^a  /,p,  bc^hmh- 

Phc.  4. 


1  ripcaaoineH  P.  P.  MyraesHM  a  1935  r. 


Ha  KOTopofi  onpeae^aeTCH  3aBncHMocTbio  (4).  CH.ia  hbahctch 
4>yHKUHefl  Koop4iiHaT 

(*.  Z). 

CK4a4biBaB  reoMerpHqecKH  3th  TpH  chau,  aeftCTByimuHe  na  eAH- 
HHuy  o6i>eMa  rpyHTa,  noAynaeM  OAHy  pe3yAbTHpytomyio  cHJiy  yoi 
npHAOweHHyio  k  paccMaTpHBaeMoft  eAHHHue  rpyHTa.  Pe3ynbTHpyto- 
maa  CHj7a  yo.  Tan  we  khk  m  ee  cocraBAnioiUHe,  6yAeT  HMeTb  noTeH- 
lUtaA,  KOTopuft  o6o3HanHM  Heoe3  00  HAH  00 (jc,  z). 


a) 


H.  H.  riaBjioBCKHH  [3],  pac- 
cMaTpHBaa  HanopHoe  ABHweHHe 
rpyHTOBbix  boa  iioa  6eTonnbiMH 
nAOTHnaMH,  HaiueA  Bbipawenne 
aah  noTeHiutana  oSteMHoft  pe- 
3yAbTHpyK>meft  CHAbl  yo: 

&u  =  z  —  H+C,  (5) 

rae  H — Hanop  b  j  a  tin  oh  tomkc;  z  — 
3aMy6JieHwe  aaHHon  tomkh  noj  iijio- 
ckoctmo  cpaBiieiiHB;  C  —  nocToHiman 
HHTerpHpOBaHHH. 

TaKHM  o6pa30M,  HMea  ahhhh 
paBHoro  Hanopa  (//= const)  aa« 
paccMaTpHBaeMOH  o6jiacTH 
<J)HAbTpanHH,  nocTpoeHHbie,  na- 
iipHMep,  no  MeTOAy  3I71A,  mow- 

HO,  HOAb3yHCb  3aBHCMMOCTbIO 
(5),  HOCTpOHTb  AHHHH  paBHOTO 
3HaweHHH 

<Z>0  =  const,  (6) 


KOTOpbie  AatOT  noAHoe  npeACTaBAeHHe  o  BeJiHiHHe  h  HanpaBAeHHH 
pe3yAbTHpyiomeH  chaw  yo  b  aio6oh  Tonne  o6AacTH  tj)HAbTpauHH. 

Ha  pHc.  4,  a  npeACTaBAeH  3Cmahhoh  otkoc,  aah  KOTOporo  no  Me- 
TOAy  3rHA  nocTpoeHW  ahhhh  H= const  aah  (jwAbTpauHOHHoro  no- 
TOKa,  B03HHKaiomer0  B  OTKOCe  npH  SblCTpOM  CHHJKeHHH  r0pH30HT3 
BOAbi  b  6bet}>eoT  yposHH  (/)  —  (/)  ao  ypoBHH  (2) — (2). 

Ha  pHC.  4,6  B  COOTBeTCTBHH  C  4>OpMyAOfl  (5)  nOCTpoeHbl  3KBHI10- 
TehA«aAH  0o=const.  3th  3KBHnoTeHUHaAH  hbahiotch  HecKOAbKO  hc- 
npaBAeHHUMH.  CorAacHO  npeAnoweHHio  P.  P.  MyraeBa,  noAyneHHyio 
CHCTCMy  3KBHnoTeHUHaAeft  0o  =  cotist  npeAcraBAneTCH  bosmowhmm 
33  M6HHTb  CHCTCMOfl  npHMbIX  napaAAeAbHbIX  AHHHH,  npOBCAeHHblX 
Hepe3  paBHoe  paccTOHHHe  Apyr  ot  Apyra.  HcnoAb3yn  Tanoe  Aony- 
meHHe,  nonynaeM  otkoc  3eMAHHoft  nAOTHHbi  (pnc.  5, a),  noABepweH- 
Hblft  AeflCTBHIO  TOAbKO  OAHOft  CHCTeMbt  CHA  (Yo)cp,  H3KAOHHOfi  K  Bep- 
THK3AH  noA  HeKOTopuM  yrAOM  (0o)cp.  B  TaKOM  CAynae  aah  pacneTa 
yCTOflqHBOCTH  OTKOCa  MOJKeT  6bITb  HCn0Ab30B3H  npeAAOWeHHblft 

P.  P.  HyraeBbtM  «cnoco<5  noBopora  ornoca  na  yroA  (0o)cp»,  Kan  no- 


Ka3ano  aa  puc.  5,6.  Kax  bhaho,  b  a  tom  cnocooe  bahhhhc  ' 

UHOHHbIX  CHA  Ha  yCTOHHHBOCTb  3eMAHH0T0  OTKOta  yHMTbIBaeTCH  ny- 
reM  Boo6pajxaeMoro  yBeAHneHHH  KpyiH3Hbi  oiKoca  Ha  yroA  (0o)cp- 

3.2.  Btopoh  cnocofi  —  KOHTypHUH  cnoco6  ynera 

(pM.lbTpaUHOHHWX  CHJI  1 

3tot  cnoco6,  npeAAO>KehHb<H  A.  H.  HBaHOBbiM1  2  [4],  ocHOBaH  ua 
3a,VieHe  06l>eMHblX  (}>HAbTpaUHOHHbIX  CHA,  AeHCTByiOmHX  Ha  HeKO- 
Topyio  Maccy  rpyHTa  abed  (pnc.  6,  a)  pa3HocrbK>  noBepxHocTHbix  cha 
rHApoAHHa.MimecKoro  AHB.neHHH,  npHAOjxeHHbix  k  KOHTypy  paccMaT- 
pHBaeMoro  o6teMa  abed  rpyHTa. 3 *. 

Ha  pnc.  6,6  npeACTaBJieHbi  ABe  aniophi: 

а)  aniopa  a'b'c'd' ,  no.iyxaxwaacH  xax  pa3HocTb  aniop  AaBJieHna 
(Ha  KOHTyp),  noKa3aHHbix  Ha  pnc.  6,  a  (cm.  aiuopu  Pv'  h  /V'); 

б)  sriiopa  a0b°c°d0,  noAiyqaxJmaacH  xax  pa3HOCTb  sniop  abbachhh 
na  KOHTyp,  noKa3ainibix  Ha  pnc.  6, a  (cm.  anxypu  Ph'  h  Pi,"). 

n.iomaAb  ainopw  a'b'c'd'  Aae?  sHaxeHHe  BepTHxaAbHOH  cocTaB- 
Ajnomefi  Fr  cy.wMapHoft  4>HAbTpaunoHHOH  chau,  AeflcTByiomeH  na 
paccMaTpHBaeMwii  oOieM  rpyHTa  abed;  nAomaAb  amopu  a0b°c°d" 
IipeACTaBAHCT  BeAllHHIiy  ropH30HT3 AbHOH  COCTaBAHKMUeH  Fn  CVMMap- 
iiofi  (J)HAbTpauHoHHofl  CHAbi,  AeficTByiomeH  Ha  o6teM  rpyHTa  abed. 

nPH  pacneTax  Fh  h  Fv,  xax  yxa3aHo  Bbime,  rpyHT  b  npcueAax 
ofi.iaCTH  <{lH.1bTpaU.HH  CACAyeT  CHHT3Tb  B3Beme)lHUM. 

4.  PBKOMEHAyEMblE  CnOCOBbi  yHETA  4>HJ1bTPA UHOHHbIX  CHJI 
nPH  PACHETAX  yCTORMH BOOTH  3EMJlRHblX  OTKOCOB 

4.1.  Cnoco6  yseTa  (pHAbTpauHOHHbix  cha,  ncnojibsyeMbiS  npH  pacieTe 

yCTOMIMBOCTM  3CMJIHHMX  OTKOCOB,  no  MtTOAy  KpyrjIOUHAHHApHMCCKHX 
noBcpxHOCTefi  cAiHra  (icnocofi  (pHKTHBHbix  bccob  rpyHTa*) 

1 1 p h  pacneTe  vctohhhbocth  3e.MAanbix  otxocob  no  MeTOAy  xpyr- 
AouHAHHApmecxiix  noBepxHOCTefi  cABHra  BcerAa  pauuoHaAbHo  hc- 
n0Ab30B3Tb  T8K  Ha3blBaCMblH  «CnOCo6  (j)HXTHBHbIX  BeCOB  rpyHTa». 
3tot  cnoco6  b  tom  hah  ApyroM  TexiiHHecxoM  otjiopMAenwi  npe.via- 
raAca  phaom  aBTopoB  (KaAOMCKHM  E.  R.,  OAe  H.  [5],  MopryHo- 
Bbi.M  H.  M.  [6]  ii  Ap  ).  CTporoe  oOocHOBanne  stoto  cnoco6a  npiiBe- 
Aeno  Ha  ocHOBaHHH  pa6oT  P.  P.  MyraeBa  [2,  7]. 

1  Haxo  saMeTHTb,  qro  HaHMenoBaHne  xaiiHoro  cnocofia  («xoHTypHbifl  cno- 
cofi»),  a  TaKJKe  HaHMeHOBBHHC  «cnoco6a  (Jhikthbhhx  Becon  rpyHTa*,  fibi/io  bbcaciio 
b  AHTepaTypy  P.  P.  WyraeBHM  (I,  2], 

2  AaHHufi  ctiocofi  ii.waracTcn  b  necxoibKo  irnofi  (pop Me,  >icm  to  fiuAo  cxwia- 
HO  A.  H.  HBaHOBIJM  (cm.  [2)). 

3  Ma  pwc.  3  R —  cn.ia  aaB.iemiH  co  cTopoiiu  cxeaeTa  rpyiiTa  hr  boav;  Rn  11 

R„  —  ropn30HTaAbiiati  n  BepTHKa.ibHax  npoeioum  btoh  chau. 


CorjiacHO  MeTOAy  KpyrAOAHAMHApuHecKHx  noBepxHOcreH  o6py- 
meHna  K034>(j)HUHeHT  3anaca  npoH3BOAbHo  BbueAeHHoro  OTcexa  06- 
pyiuenHB  Bbipa>KaeTCH  4>op.viyAOH  [2]: 


3  tg<fK  '  <V 


(7) 


KOTopaa  b  6o.ibuinHCTBe  cJiyaaeB  (npHMeHHTeAbno  k  MeTOAy  Tepiia- 
rnt  BecoBoro  AaBAeHHa)  npHBOAHtca  k  BHAy. 


fc,= 


(8) 


rae  Ma  —  MOMem  uktiibhux  cim;  M,, —  MOMem  pcaKTHBHbix  cii.i  (oTHorHTc-ibiio 
ueHTpa  noBepxiiocTii  cjaiira). 


riOBCIIMM  paUHOHaAb- 
Hbie  cnoco6bi  onpeAe.ieHHB 
Mp  H  Ma,  BXOAHIUHX  B  <J>Op- 
Myjiy  (8). 

1.  Cnocoo  onpedeAenua 
Mp.  ripn  noAcsete  bcjihbh- 
Hbi  Mp  npenefiperaeM 

(pH.lbTpaUHOHHblMH  CHA3- 
MH;  VBHTblBaeM  TOAbKO  ap- 
XHMeAOBbl  CHAbl  B3BeUIH- 
B3HHB.  B  CBH3H  C  3THM,  BU- 
HHCAHH  Mp  CMHTaeM,  HTO 
rpyHT,  pacnoAoweHHbiA  Bbi- 
uie  KpHBoft  AenpeccHH,  HMe- 
eT  o6TieMHbiH  Bee,  paBHbiii 
oGteMiioMy  Becy  rpyiiTa 
npn  ecTecTBeHHoft  BAa>K- 
iiocth;  rpyHT,  pacnoAoweH- 
Hbift  HH>Ke  KpHBoft  aenpec- 
CHH,  CHHTaeM  B3BemeilllblM. 
Cneuna.ibHbiMH  HccAeaoBa- 


hhbmh  6wao  noKa3ano,  hto  Tanoe  AonymeHHe  hbabctch  Bno.iHe  npn- 
eMJieMbtM  (oho  AaeT  iinmo/Knyio  norpetiinocrb  b  oKoimareAbiibix  pe- 
3yAbtaTax).  HaAO,  BnpoMCM,  oTMeTHTb,  mo  b  17]  ocBemaeicn  Aonojj- 
HHTeAbHblfi  cnocofi,  H03B0AH10mHfi,  npjl  We.nailHH,  VHCCTb  TOAbKO 
BepTHKaAbHbie  cocTaBjiaromHe  (jjHAbTpauiionHux  cha  npH  noAcneTe 
Mp  (mo  HecKOAbKo  VTomifleT  pacweT) 

2.  CnocoO  onpedeAenuR  M».  Be.iHmtua  Ma  coraacHO  AanHo- 
My  cnocoCy  onpeAe.ifleTcfl  6e3  HcnoAb30B3HHB  KaKHx-AH6o  Aonyrne- 
hhA  (t.  e.  coBepiueHHo  tomho). 

ZIah  onpeAeAemiB  Be.iHHHHbi  Ma  nocTynaioT  cAeAyiomHM  o6pa- 
30m:  na  ypoBHe  ropH3oma  boau  b  6bet|)e  npoBOAm  ropHaoHtaAbHyio 


1  Mowno  noKa3aTb,  mo  vmct  ropHaoHTa.ibHoft  eocTaB.iaiotueii  $H.ibTipanHOH- 
HHX  CH.1  npH  OCblHHOfl  nOCTBHOBKe  BOnpOca  B  ABHKOM  C.iyBae  HCB03M01KCH. 
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jiHhhjo  W—W  (cm.  pHc.  7).  3ia  jihhhh  h  KpHBaa  aenpeccHH  paciJie- 
HBK3T  paccMaTpHBaeMbifi  OTceK  ofipyiueHHH  ABCWA  Ha  tph  nacTH. 
Onpe^eaaH  M»,  o6i>eMHbie  Beca  rpyHTa  AJ1H  sthx  Tpex  nacTefi  iipH- 
HHM3JOT  pa3vlHMHblMH: 

a)  aah  nacTH  OTceKa,  pacnojioHceHHoA  Bwiue  kphboA  AenpeccHH, 
rpyHT  CHHTaercH  ecrecTBeHHoA  BJiawnocTH  c  oSbeMHUM  BecoM  yCy* 
(cm.  o6-beM  l  Ha  cxeMax  7,  a,  6,0); 

6)  rpyHT,  pacnojioweHHUH  mme  jihhhh  W — W,  CHHTaeTca  B3Be- 
UlCHHblM,  C  ofibeMHblM  BeCOM  Ybsb,  npHHeM  Y*aB  =  Y,'')Tt — (1 — #)*Y» 
(cm.  ofiteM  11  Ha  cxeMax  7,6  h  e); 

b)  rpyHT,  pacnojiojKeHHbiH  Meway  kphboA  aenpeccHH  h  ropn30H- 
Tanbio  W—W,  CMHTaeTCH  HacbimeHHbiM  (ecjiH  KpHBaa  AenpeccHH  pac- 
lUWIOHteHa  BblUie  ropH30HTaJIH  W — W')  c  ofrbeMHUM  B6C0M  Ynac,  npH- 
neM  Y«ac=Y,cy*+nYo  (cxeMa  7,6,  o6teM  III).  ,DUih  c-aynaa,  K0r,aa 
KpHBaa  AenpeccHH  pacnojioweHa  HHJKe  ropH30HTa  W — W  (cxeMa 
7, 0),  cJientyer  cMHTaTb,  hto  o6"beM  MEBM  (o6i>eM  /V),  pacnoao- 
jKeHHbift  Meway  ropH30HTa.ibio  W — W  h  xpuBofl  aenpeccHH,  3anoji- 
HeH  Boo6pa>KaeMofi  boaoA,  npaneM  momcht  3Toro  ofibeMa  boau  ot- 
HOCHTeJlbHO  UeHTpa  O  HBJIHCTCH  BeJlHMHHoA  OTpHUaTejtb'HOH. 

no^ib3yflCb  BbiuieyKa3aHHUMH  3H3MeHHB mh  oCbeMHoro  Beca,  noA- 
ciHTbiBaioT  Be^HHHHy  K03(|M}>HUHeHTa  aanaca.  3tot  cnoeoG  yieTa 
(pHJIbTpaUHOHHblX  CHJI,  B  OCHOBHOM,  MCnOAb3yeTCH  HpH  npOeKTHpOBa- 
HHH  3eMJlHHblX  HAOTHH. 

4.2.  Cnocofi  y^eia  4>»ai>TpaitMOHHMX  chji,  HcnoJib3yenbift  npH  paciere 

yCTOftMHBOCTM  3f MJ1BHMX  OTKOCOB  (10  l«TMy  (MOCK MX  nOBCpXHOCT«ft  C*BHr« 

npH  onpeAeneHHH  BeJiHMHHW  4>HAbTpauHOHHbix  chji,  aeAcTByio- 
ui,Hx  Ha  oTcex  o6pyiueHHB,  orpaHHHeHHbiA  cHH3y  iuiockhmh  noBepx- 
hocthmh  ciiBHra,  Hcnojib3yeTCH  «KOHTypHbiA  cnoco6  yneTa  4>hji bTpa- 
UMOHHbix  chji»  (cm.  n.  3.2)  12]. 

Ha  pnc.  8  npeacTaB^eHO  necKOJibKo  cxeM  otcckob  o6pyuieHHH, 
IlOABepWeHHbJX  AeHCTBHIO  (j)HHbTpaUHOHHbIX  CHJI: 

cxeMa  a  —  ycTaHOBHBUjaacH  <)>HJibTpauHH,  HanpaBJieHHaa  Hapy- 
*y  oTKOca; 

cxeMa  6  —  ycTaHOBHBtuaHCH  <|>HJibTpauHH,  HanpaBJieHHaa  BHyTpb 
OTKOca; 

cxeMa  o  —  HeycTaHOBHBUjaacH  4>HJibTpauHH  npn  pe3K0M  cHHwe- 
IIHH  ropH30HTa  BOAbl  B  6be<])e  OT  ypOBHH  (1)  — (1)  AO  ypOBHH 
(2) — (2); 

cxeMa  a  —  HeycTaHOBHBiuaHCH  (JwAbTpauHH  npn  peaKOM  cHHwe- 
HHH  r0pH30HT3  BOflbl  nepeA  SKpaHOM  OT  ypOBHH  ( 1 )  —  ( 1 )  AO  ypOBHH 
(2) — (2). 

MacTb  OTceKa  o6pyiueHHH,  HacwmeHHaH  boaoA,  HaawBaeTcn 
«4>HflbTpyromeA  nacTbio*.  <J>HjibTpiyiomaH  nacTb  oTcexa  o6pyuieHHH 
orpammena  cBepxy  kphboA  aenpeccHH  h  Hapy»HoA  noBepxHocTbio 
OTKOca,  cHH3y  —  noBepxHocTbio  CABHra  (ahh  cxeM  8,  a,  6,  e) .  ,2uih 
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cxeMbi  8,  e  4>H.ibTpyioma»  nacn>  CBepxy  orpaHHHeHa  JiOManofi  jih- 
HHeft  d  —  c  —  b  —  a  —  4 ,  cHH3y  d  —  2—3 — 4. 

CHirraeM,  mto  Hanop  ajih  HHttHefi  rpaHHUbi  a  — 2— 3— 4  4>n.ib- 
rpyiomefi  nacTH  OTceKa  oSpymeHUH,  noKa3aHHoro  Ha  pnc.  8,  a,  6,  e, 
pacnpeae.ifleTCfl  no  jiHHeftHOMy  3aKOHy.  flpn  iwtockocth  cpaBHeHHa 
00,  npoBejeHHofl  Ha  ypoaHe  ropn30HTa  Boa.bi  b  6be<{>e,  Hanop  b 
KpaflHHX  TOHK3X  d  H  4  paBeH  COOTBeTCTBeHHO  (j-ih  cxeM  8,  a,  6,  0) 
Ha  (hjih  —H„)  h  H 4=0;  np«Maa  a — 4"  6yp.er  hckomoh  nbe30Merpn- 
necKofl  viHHHefl.  Hanop  b  TOMKax  2  h  3  noBepxHocm  CABtira  onpeAe- 
jiHeTca  OTpe3K3MH  H j  it  H3.  A.ifi  cxe.Mbi  8, e  npn  nJiocKOCTH  cpaBHe- 
hhb  00  (na  ypoaHe  bojuj  HHWHero  6be<})a)  b  Tonxe  2  Hanop  paBeH — 
Hi,  b  Tonxe  3  Hanop  paBeH  0.  npawaa  2 — 3"  hb^ihctch  nbe30MerpH- 
necKoft  .iHHHefl  ynacTKa  2 — 3  noBepxHOCTH  cABHra.  ynacTKH  no- 
BepxHoctH  / — 2  h  3 — 4  xapaKrepH3yioTCH  HjvieBbiMH  HanopaMH. 

ycTaHOBHB  Hanopu  bo  Bcex  TOHKax  (})H^bTpyiomero  KOHTypa, 
\10)KH0  HaHTH  BeJIHHHHy  BepTHKaJlbHOH  H  ropH30HTaJlbHOH  COCTaB- 
.isnomeA  cH.ibi  <P  cyMMapHoro  rHjpaB.innecKoro  B03aeHCTBHH,  aeft- 
CTByiomeH  Ha  Becb  OTcex  ofipymeHHfl. 

BepTUKaAbHan  cocraeAHioman  <P,-  C  TeM,  htoSu  npn  pacneTe  yc- 
tohmhbocth  oTcexa  o6pyweHHH  ynecTb  BepTHKa-ibHyio  cnjiy 
(BK.lK)MaiomyiO  B3BeUJHBalOIHyK>  H  <})HJlbTpa  UHOHHyiO  CH.lbl),  Bee  G 
Kaauoro  Bbae^eHHoro  4>par.vieHTa  HeofixoanMo  noacHHTbiBaTb,  hc- 
xoab  H3  c.ie.nyfomHX  (HHor^a  ycflOBHUx)  o6-be.viHWx  BecoB  rpyHTa: 

a)  o6.iacTH  rpyHTa,  He  HacbimenHoro  boaoA,  hcxojh  H3  Be- 
•iHHHHbi  o6i.eMHoro  Beca  «cyxoro»  rpyHTa  —  Ycyx.' 

6)  o6^acTH  rpyHTa,  pacnoaoweHHOH  HH*e  nbe30MeTpnne- 
CKOH  .1HHHH,  nOCTpOCHHOfl  fl.TH  nOBepXHOCTH  CJlBHra  (cm.  nbe30MeT- 
pHnecKHe  jihhhh  a  —  4"  Ha  pnc.  8,a,6,e  h  2—3  —  Ha  pnc.  8,e) 
hcxojh  H3  Be.iHHHHH  ofibeMHoro  Beca  B3BemeHHoro  rpyHTa  —  ymB', 

b)  atb  otfjiacTH  rpyHTa,  pacno„io>KeHHOH  Menuy  nbe30weTpHHe- 
CKHMH  JIHHHflMII,  nOCTpoeHHWMH  PJifl  BepXHero  ynaCTKa  H  HHJKHero 
ynacTKOB  KOHTypa  (^HJibTpyromeH  nacTH  OTcexa  ofipyuieHHH,  hcxojw 
H3  BejiHHHHM  o6beMHoro  Beca  HacwmeHHoro  rpyHTa  —  Y»a<-  (Koraa 
nepBaa  ynoMHHyTaa  nbesoMeTpunecKaH  ^hhhb  jimkht  Bbime  BTopofl 
ynoMBHyTofl  nbe30MeTpHMecKofi  jihhhh),  h  hcxo^h  H3  o6bewHoro 
Beca  Y°Bn»=Y<yx — Y»>  Koraa  nbe30MeTpHHecKaa  .thhiih,  OTBenaiouiaH 
HHJKHeMy  ynacTKy  KOHTypa,  pacno.TO>KeHa  Bhime  nbe30MeTpH»iecKofl 
jihhhh,  OTBeHaiomefl  BepxHeMy  ynacTKy  ({NibTpyiomero  KOHTypa. 

Heo6xoaHMO  yMHTbIBaTb  TaKJKe  CO&CTBeHHblft  Bee  BOAbi  B  o6beMe, 
33KJHOMeHHOM  MOK^y  ropH30HTOM  BOJ(bI  H  nbeSOMeTpHHeCKOfl  JIHHH- 
efi,  nocTpoeHHofl  ajw  haockocth  c^BHra  (cm.  pnc.  8,6,  n.iomaab 
3 — 4" — c — a),  npH6aB.iHH  ero  k  Becy  cooTBeTCTByrouiHx  4>par«eH- 
tob.  EcviH  nbe30MeTpHHecKan  .thhhb,  oTBeMaioiuan  noBepxHOCTH 
cjBHra,  .newHT  Bbiiue  ropH30HTa  bojw  b  6be$e,  to  yKa3aHHaH  npw- 

1  CiyqaH,  Koraa  sra  .thhiih  .ie*HT  hhjko  nbeaoMerpimecKofi  .thhhh,  oTBCMaio- 
m«ft  R«px«eMy  ynacTKy  KOHTypa. 
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rpyaxa  boaoA  noAyqaer  OTpHuaTeAbHoe  3HaqeHHe  (cm.  pac.  8,  a, 
n^omaib  e  —  4"  —c;  pHC.  8,  a,  n^ouiajb  c  —  4"  —d). 

BepTHKajibHyio  cocTaaAHiomyio  (pHAbipauHOHHux  cha  mowho  Ha- 
xoAHTb  nyxeM  noerpoeHHH  sniopu  npOTHBOAaBAeHHH. 

r QpUSOHTOAbHQH  COCTdOAAtOWflA  0ft.  CAeAyeT  CHHTaTb,  «JTO  ropH- 
aoHTajibHaa  cocTaBAfliomas  chau  rHApaBAHqecxoro  bo3A€Actbhh 
4>h  paBHa  ropH30HTa^bHofl  cocTaBAHiomeA  cyMMapHoA  (JjHAbTpauH- 
ohhoh  chau.  Cha  a  rHApoAHHaMHHecKoro  B3BeuiHBaHHH  rpyHTa  B  BO- 
ae  npHHHMaeTCH  BepTHKaAbHoA,  h  noroMy  oHa  He  bxoaht  b  bcahmh- 
Hy  0*. 

t  f  ft  |  =  |  0ft  I  =  wrf  „ 


rAe  tor  —  naoiuaAb  smopn,  Kaxcaan  ropHSQHTa.ibHaa  opAHHara  xoropoft  npeacraB- 
A»ex  coftofl  paaHocTb  bucot  aaajieHHS,  H3«epeHHux  8  aayx  cootbctctbchhux  tom 
Kax  (cm.  cooTBercTByioiuHe  amopu  na  pac.  8). 

nOA  COOTBeTCTBeHHblMH  T0HK3MH  IlOHHMBeM  TOMKH,  AeWaiUHe  Ha 
oahoA  h  toA  we  ropn30HTajiH,  HBJimouxeAcH  npoAOAweHHeM  paccMaT- 
pHBaeMoA  ropH30HTajibHoft  opAHHatbi  aiuopu  h  npHHaAAewamne 
cooTBeTCTBeHHO  AeBofi  h  npasoA  qacTH  xoHTypa  (pHAbTpyfomeH  qa- 
cth  OTcexa  o6pyuieHHH. 

HanpaBJieHHe  chau  Fh  MOWeT  6biTb  pa3AHqHUM:  Hapywy  OTKOca 
hah  BnyTpb  ero  (b  33BHCHM0CTH  ot  HanpaBAeHHa  oCmero  TeqeHHH 
(pHAbTpaUHOHHOrO  noTOxa). 

S.  VIET  ♦HAbTPAU.HOHHbIX  CHJI  nPH  PAC H ETA X  yCTORMHBOCTH 
3EMJIHHWX  TMflPOTEXHHHECKHX  COOPy)KEHHB 

5.1.  y<WT  (JlHJIbTptBHOHHMX  CM  B  TAHHHCTOM  Iftpt 
KaMCHHo-aeMjiaHMX  iijiothh 

nPH  paCCMOTpeHHH  (pHAbTpaUHH  qepe3  rAHHHCTOe  HApO  nAOTHHbl 
pa3AHqax>T  cneflynmue  bhau  cpHAbTpauHOHHoro  notoxa: 

1  —  ycraHOBHBUIHACfl  (pHAbTpaUHOHHUA  nOTOK  npH  nOAHHTOM 
ypoBHe  boau  sepXHero  6be<pa; 

2  —  HeyCTaHOBHBUIH flCH  (pHAbTpaUHOHHUA  nOTOK,  HMetOWHA  Me- 
cto  b  HApe  b  pe3yAbTaTe  ero  xoHcoAHAauHH  (npn  OTcyTCTBHH  boau 
b  Cbetpe) ; 

3  —  HeyCTaHOBHBIUHAcfl  <|)HAbTpaUHOHHUA  nOTOK,  HMOOIUhA  Me- 
cto  b  HApe,  xorAa  npoueccu  kohcoahasuhh  eme  He  aaBepuiHAHCb,  a 
ypoBeHb  boau  b  sepxHeM  6be<pe  noAHHT. 

Ha  pHC.  9  npeAdaBAeHu  ahhhh  paBHoro  Hanopa  b  hap«  (hapo 
npHMoyroAbHoe)  aah  1  h  2  bhas  (pHAbTpauHOHHoro  noToxa. 

Aah  3-ro  cAyqaa  cpHAbTpauHH  b  38bhchmocth  ot  cxopocra  koh- 
coAHAauHH  h  cxeMU  HanoAHeHHH  BOAOxpaHHAHiua  mowho  noAyqnTb 
pa3AHMHue  xapTHHu  (pHAbTpaitHOHHUx  HanopoB  B  HApe.  Ha  PHC.  10 
npeACTaBAeHU  cxeMU  bo3mowhux  ahhhA  paBHoro  Hanopa,  othoch- 
IUHeCH  K  pa3AHWHUM  MOMeHTaM  BpeMeHH  nOCAe  aanOAHeHHH  BOAO- 
xpaHHAHiua. 
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CxeMa  10,  a  othochtch  k  MOMeHTy,  Kor^a  rHApOAHHaMHqecicoe 
AaBJieHHe,  ofiycAOBneHHoe  kohcoahabuhcA,  sen hko  (no  cpaBHeHHio 
c  AaBJieHneM,  oCycAOBAeHHUM  BepxHHM  GbetpoM).  CxeMa  10,6  otBe- 


qaei  cAyqaio,  KorAa  AaBJieHHe  koh- 
cojiHAauHH  Maao  (no  cpaBHeHHio 
c  AaBjieHHeM  BepxHero  6be<j>a).  Ha 
cxeMe  10,  a  H3o6paweH  npoMemy 
TOHHbifi  (oOiuhA)  cjiynafl. 

HMea  3T0  B  BHAy,  H3  B03M0JK 
HbIX  KapTHH  (pH.TbTpau.HH,  HOHCHeH- 
Hbix  Bbiuie,  aah  pacMeia  ycroftMH- 
bocth  CAeAyeT  BuOnpaTb  Te,  koto- 

pbie  CyAVT  AaBaTb  B03M0>KH0  fiOAb- 

uiHe  nanopu  BHyipH  BApa. 

Bo3HHKaiomHe  b  npouecce 

(pHAbTpaUHH  (|)HAbTpaUHOHHbie  CH¬ 
AU  HeuOXOAHMO  yHHTUBaTb  npn 
pacqeTax  ycrofiqHBOCTH  HHaoBoro 
KAHHa  nAOTHHU. 

PacneT  yCTOHMH BOOTH  IIH3OB0TO 
KAHHa  nAOTHHU  MOX6T  BblUOA- 
HHTbCH  no  MeTOAy  KpyrAOUHAHHA- 
pnqecKHx  noBepxHOCTefi  CABHra  hah 
no  MeTOAy  nnoc.KHx  noaepxHocTeft 
CABHra  [9]. 

rioHCHHM  ocoOeHHQCTH  pacqeTa 


.0-4HHHH  paaxoro  Hanopa  a  tape  npn  ycri- 
nomaulcflca  ipHibTpanHH;  — hhhhh  pai- 
hoto  Hanopa  a  nape  npa  NcycTaHoananieAcR 
4>HabrpauHH  (■  npouNct  xohcojhuuhh 
■  Mpc);  /— aHHMH  paMoro  Hanopa.  ' 

cTefl  CABHra: 

PaccMOTpHM  ABe  nAocKocm  CABHra: 

1)  cabht  rpyHTa  nponcxoAHT  no  aom8hoA  noBepxHocTH  AdB 
(PHc.  11).  3tot  cAyqaft  xapaKTepH3yeTcn  TeM,  hto  yqacTox  noBepx- 
hocth  CABHra  Ad  AeKHT  BHyTpH  BApa; 


0—6~  r-»0JM0*nwt  cxtMi  auKHtr  pannoro 
Hanopa  a  nap*  npn  neycraHouauiakca 
ipHaaTpauRH  (n  npontcce  nanoamHna  aoao- 
xpaHnanua  h  aoHCoaHaaunn  ajpai;  l-m- 
hhh  paanoro  Hanopa. 


2)  cabht  rpyma 

H  K3MHH  npOHCXOflHT  A  « *  | 

no  nOBepXHOCTH  CaBH-  ill 

ra  AfaB,  npnqeM  no-  /  *|  * 

BepxHocrb  Na  acjkht  ||  ? 

BHe  wpa.  ym  „  sf  & 

AHa;iH3HpyH  yc-  '  S'  t  g.  S  £ 

TOfiqHBOCTb  COOTBeT-  S  /  \  'O 

CTByjOIUHX  OTCeKOB  \X&  - 

rpyHTa  (Add'A  i;  5 ‘J  3  g"- g| 

d'dBd'  b  1-om  aiyqae  "  —  fihyXr.lLl - g  is  Is 

h  Naa'N  h  a'aBd'a «.  §  1 | C 1 

bo  2-om  cjisynae)  mu  ^  a  « «  ^  ^ 

WM*hh:  ^1/  |  t.  gj|?l 

а)  b  1-om  cAyqae  |Sv  a"  "5s 

yqHTbIBaTb  THAPOflH-  |l  Is®  *2|-S. 

naMHMecKoe  AaBiienne  *|  i  •  XT  g^g^A 

BOAbJ  B  nopOBOM  |'|  \ 

npocTpaHCTBe,  AeAcT-  ^.'1  Nw  "g  £= -5 

Byioiuee  no  noBepxHO-  ^ '|  N{  g  |*  |g. 

cth  cABHra  Ad;  g  H  |  -M  j|  § 

б)  bo  2-om  cnyqae  5  jji  || 

yqHTUBaTb  ropaaoH-  «  I '  "1 

TajibHoe  AaBJieHHe  bo-  ^  1  j «  «  S 

Abi  Ha  HApo,  Bupawa-  nTim^  s4  °°  °  I*  S? 

eMoe  TpevrojibHHKOM  vjf  I  *  eg  £•■ 

rHApocTaxHMe ckoto  4*111 1  I lupdllru  *  1 | 

AaBJieHHH,  nocTpocH-  jS  g««jsg 

HUM  AJIH  rnydHHU  BO-  S'w  ?  S’*  si 

au  b  6be<pe  a  BepTH-  ..  S'  *g  Yjf«* 

Ka.TbHOe  npoTHBOABB-  - t>  C*i«l 

AeHae,  aeftcTByiomee  Sp  l  WS-  ^|5|s. 

no  noAouiBe  HApa  ad  e»  ^  itC\S~*sb  \  \»  £  g,|  1  g 

(HaflAeHHoe  b  coot-  ^  S  gf  gfr 

BeTCTBHH  C  HMelOtUH-  <■  | 

MHCfl  AHHHBMH  paBHO-  ^  5»ll 

ro  Hanopa;  npa  btom  sfSfji 

Bee  o6beMa  a' add" a'  / pT  1 8  j  || 

hbaaokht  bumhcahtl,  *  I  NT  tfJr  S.  |  g  g" 

HCXOAH  H3  oCbeMHOTO  *|  I  £§." 

Beca  nacumeHHoro  |  l  * N.  j  «|  | 

rpyHTa).  v  i'j  X^o  M  a 

PI  p  h  «  e  q  a  h  h  e.  -  ^  "f - „ - H  ?J  I 

Ca»Hr  OTcexa  D'DBd'Cy  *  tjl  |  "  X  * 

noA  aeftcTBHex  axTHBHoro 

ABBJieHHB  npy«TB  £,  npHxoA*werocn  hb  npaHb  L/D,  mu  b  abhhom  aiynae  He  mo- 
ixeM  paccMBTpHBBTb  (c  yieTOM  AasAeKHR  boah  b  nopax).  HHTepecyocb  ycToftxH- 
Boctbto  otceiea  D'DBd'D',  caeAyer  paccMaTpHBaTb  cabht  ero  coBMecTHO  c  OTcexoM 


tip 

sJ?J£ 

I  s 

irsi 

6  f||| 
c  rpS| 

a  u«  t 
S  S.S  4:| 
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*  * 
o  *  «* 

5-i  i:| 

§£S  £i 

*  ;*  fo 

X  -©■*  u 

>  -ill 
s  «§ 

3  <  5  z 
<b  gaj  *  w 

2  So  «S 
O  o<  g>, 

1  Ig  !» 
S^5l 

«  Y-- 

2*1*1 
u  o  «  ■ 
5?  ..  w  S  m 
I  j  5  « 

S1 1« 

Sll  || 
&1II? 

x  «e  •  3 

sbh 

j|Ml 

5  ia  2“ 
Ss. w 

>*2  S 


D’DMAD'  no  noaepxiHocTH  MDB,  Hues  b  BHjy  npH  9TOii,  mto  Aa&neHHe  boau  b 
nopax  no  jmhmi  DO'  6yjier  BHyTpenH eft  cHJiofl,  KOTopyio  iHenwH  yMHTuaaTb  npn 
pacqeTax. 


5.2.  yweT  0MjibTpai|HONHUX  cmji  npH  pacnerax 
KaMeHHO-seMXflHUx  naoTMH  c  axpaHom 

npH  pacneiax  yCTOHHHBOCTH  BepXOBOrO  OTKOCa  IIJIOTHH  C  3Kpa- 
hom  noAAexHT  npoBepxe  CAynaii  dbiciporo  chhjkchhh  ropH30HTa  bo- 
au  b  Obecjie.  npH  3tom  cAeAyer  nposepnib  B03M0XH0CTb  cABHra  no 
AByM  nAOCKOCTHM: 

1 — cabht  aamHTHoro  caoh  no  axpaHy;  2  —  cabht  axpaHa  cob- 
MecTHo  c  3atUHTHbiM  cnoew  no  MaTepnaAy  TeAa  nAOTHHbi. 

PacneTbi  npoBO- 
AHTCH  corAacHO  MeTO- 
Ay  HAOCKHX  nOBepXHO- 
CTeii  CABnra  [9]. 

PacnemaH  cxeMa 
Aah  cnynaa  cKOAbace- 
hhh  3KpaHa  no  Maie- 
pwaAy  TeAa  nAOTHHbi 
npH  fibICTpOM  CHHJKe- 
HHH  rOpH30HT3  BOAbl 

b  dbetpe  npeACTaBAe- 
Ha  na  pnc.  8,  a.  06  ocodeHHOCTax  nocrpoeHHH  aniop  BepTHKaAbHon  h 
ropH30HTaAbHoA  cocTaBAiuoineit  cm.  b  pa3Aene  IV  n.  4.2. 

npH  pacneiax  nAOTHH  c  axpanoM  HyxHo  AonoAHHTeAbHo  ynHTU- 
BaTb  caeAyiomee  odciojueAbCTBO. 

HpeAnoAOKHM,  mto  npH  ropH30HTe  boam  b  6be<J)e  Ha  ypoBHe 
(/) — (/)  KpHBan  AenpeccHH  3a  sxpaHOM  npHHHMaeT  nonoweHHe 
(3) —  (3)  (pHC.  12).  flpH  6UCTpOM  CHHHCeHHH  ropH30HT8  BOAbl  B 
6be4>e  ao  ypoBHH  (2)  —  (2),  paonoAoxeHHoro  HHxe  xpHBoft  Aenpec¬ 
cHH  (5)  — (3),  BAOAb  AHHHH  0C  6yO£T  HMeTb  MeCTO  nOCTOHHHblft  Ha- 
nop,  OTBenawutHft  Hanopy  b  Tonxe  0;  BAOAb  ahhhh  cd  Hanop  naAaeT 
no  AHHeAHOMy  3axoHy  (cm.  nbe30MerpHHecxyio  ahhhio  c'd'  ua 
pHc.  12).  TaKHM  o6pa30M,  abbachhc  (npoTHBOAaBAeHHe) ,  AeflcTByio- 
mee  Ha  sxpaH,  BupaxaeTca  aniopofl  e'e"d'c'.  B  cnynae  AOdaionHO 
6oAbuiHX  opAHHaT  noAyneHnoft  amopu  npoTHBOAaBAeHHn  nponaoA- 
AeT  Bcn.nbiBaHHe  sKpana,  npnneM  npoBepxa  ycToflnHBOcTH  sxpaua  Ha 
cabht  no  noBepxHOCTH  aecd  b  3thx  ycnoBHxx  He  HMeeT  cmucab. 

5.3.  y<WT  4>HXbTpauN0HHux  cmji  npn  pacxere  ycroAmocn  otkoci, 

Ha  rpefiHe  KOToporo  pacnoaoacMi  nanopHuA  SacceAn 

ycroflnHBOCTb  OTKOca,  Ha  rpe6He  KOToporo  pacnonowen  Hanop- 
Hbifl  6acceflHt  onpeAenneTCH  cornacHO  MetoAy  xpyrnouHAHHApHne- 
ckhx  noBepxHocTeft  o6pyuieHHH  [9],  npH  stom  Koa<^<})HUHeHT  3anaca 
PaBeH: '  t  _  Afp  _Mm  +  rLfid 

k°~  nr. - w. — 

rae  M„  —  mohoht  chji  tpqhhh  (oTHOomejibHO  nexTpa  O  noMpxRocTH  caanra); 
r  —  paanyc  nosepxHOCTH  caanra;  L,  —  ojihhb  ayrn  caanra. 

1  Coraacwo  cnocoCy  aacoaoro  .aaweHHB. 


Momcht  chji  TpeHHH  BbmHCJiaeTCH  no  (}>opMyfle: 

=  r  (Q  +  ^icyx  +  rm  +  W')  tg  <pa. 

rjie  Q  —  cyMMa  Bcex  BepTHKa.ibHtix  ch.i,  AeAcTByKNunx  Ha  HanopHuA  6acceA« 
(coCcTBeHHbiA  Bee  coopyjKeHHH,  apoTHBOAaBAeHHe;  aa*  cxeuu  puc.  13  6  npoTH- 
BOAaBaeHHe  paBHo  Hy.iio) ;  r cyx  — Bee  cyxoro  rpyHTa,  pacnoaoweHHoro  BHiiie 
KpHBoA  AenpecoHH  (aah  cxeuu  13, a  r cyi»0);  r „*  —  Bee  B3BeuieHHoro  rpyHTa, 
pacnojio*eH«oro  uewAy  kphboA  AenpeccHH  (ecaa  oh  a  ecTb)  h  KpHBoA  ofipyuienna; 
W  —  cHaa  nn,,HcaTHB  noHypa  pasHoctbio  AaBaemiA  boau  csepxy  h  c«H3y. 


Phc.  13.  K  pacieTy  ycToftiKBOCTH  oncoca,  Ha  rpe6He  xoroporo 
pacnoaouceH  HanopHuft  CacceAn 
/-H«nopHbifl  6acce»H;  2— noHyp;  3— Kpmta  xenpeccHH. 


Momcht  caBHraiomHx  chji  paBen  cyMMe  momchtob  CJieayioiuHx 
cha  (oTHOCHte^bHO  ueHtpa  O  ayrn  c^BHra): 


—  Mg  -f-  Mg  \  Mg  -f-  Mr  , 

b  cyx  cyx  hbc 


rae  MB*  —  momcht  Beca  boau  sepxHero  6be(f>a  b  o6ieMet  orpgHHHeHHOM  ay- 

roA  ab,  BBamomeflcB  npoaoa*eHHeM  ayrH  caBHra;  MK  —  momcht  Beca  6e- 

cyx 

TOHHoro  coopyweHHH  (6e3  yieT«  n poTH soaa bxch hb);  Mr  —momcht  Beca 

cyx 

cyxoro  rpyHTa,  pacnoaoiKeHHoro  Buiue  xpHBoA  Aenpeccnn  (abb  cxeMU  13, 6); 
Mr  —  MOMeHT  Beca  HacuujeHHoro  rpyHTa,  pacnoaoweHHoro  HHHce  kphboA 

aenpeccNH. 
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